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Description

TECHNICAL FIELD

[0001] The disclosure relates to selection of sense and stimulation electrodes.

BACKGROUND

[0002] Implantable medical devices, such as electrical stimulators, may be used in different therapeutic applications.
In some therapy systems, an implantable electrical stimulator delivers electrical therapy to a target tissue site within a
patient with the aid of one or more medical leads that include electrodes. In addition to or instead of electrical stimulation
therapy, a medical device may deliver a therapeutic agent to a target tissue site within a patient with the aid of one or
more fluid delivery elements, such as a catheter.
[0003] During a programming session, which may occur during implant of the medical device, during a trial session,
or during a follow-up session after the medical device is implanted in the patient, a clinician may generate one or more
therapy programs that provide efficacious therapy to the patient, where each therapy program may define values for a
set of therapy parameters. A medical device may deliver therapy to a patient according to one or more stored therapy
programs. In the case of electrical stimulation, the therapy parameters may include the configuration of electrodes used
to deliver the electrical stimulation therapy.
[0004] WO 2009/073891 A1 discloses a system for providing a targeted neural stimulation therapy to address neuro-
logical disorders comprising at least one stimulation electrode to apply electrical stimulation to a patient using the at
least one stimulation electrode corresponding to a neural location at which a spectral power ratio significantly deviates
from an average, expected, or desired spectral power ratio.

SUMMARY

[0005] The subject-matter of the invention is defined by claim 1.
[0006] In addition, further advantageous embodiments follow from the dependent claims.
[0007] In general, the disclosure is directed toward selecting one or more electrodes from a plurality of electrodes for
delivering electrical stimulation therapy to a brain of a patient. The one or more selected electrodes used to deliver
stimulation may be referred to as a stimulation electrode combination, and may include a first electrode positioned on
a lead and a reference electrode positioned relatively far from the first electrode (e.g., unipolar stimulation) or two or
more electrodes positioned on a lead (e.g., bipolar stimulation). In examples described herein, the stimulation electrode
combination may be selected based on bioelectrical signals sensed within the patient’s brain. In particular, bioelectrical
signals may be sensed within the brain with a plurality of sense electrode combinations, and the stimulation electrode
combination may be selected based on one or more frequency domain characteristics of the sensed signals. For example,
the stimulation electrode combination may be selected by at least determining a frequency domain characteristic (e.g.,
an energy level within a particular frequency band) for each bioelectrical brain signal of a plurality of bioelectrical brain
signals sensed via at least one respective electrode, and comparing the frequency domain characteristics. In some
cases, a stimulation electrode combination is selected based on the one or more electrodes used to sense the bioelectrical
brain signal that has the relatively highest energy level within a particular frequency band. However, other relative
frequency domain characteristics can be used to select the stimulation electrode combination, such as the relatively
lowest energy level within a particular frequency band.
[0008] In one example, the disclosure is directed to a method comprising determining a frequency domain characteristic
for each bioelectrical brain signal of a plurality of bioelectrical signals sensed in a brain of a patient with a respective
electrode, determining a plurality of relative values of the frequency domain characteristic, wherein each of the plurality
of relative values is based on at least two of the frequency domain characteristics, and selecting at least one of the
electrodes for delivering stimulation to the patient based on the plurality of relative values.
[0009] In another example, the disclosure is directed to a method comprising sensing a first group of bioelectrical
signals in a brain of a patient with a first group of electrodes, sensing a second group of bioelectrical signals in the brain
of the patient with a second group of electrodes, sensing a third group of bioelectrical signals in the brain of the patient
with a third group of electrodes, sensing a fourth group of bioelectrical signals in the brain of the patient with a fourth
group of electrodes, determining a frequency domain characteristic for each of the bioelectrical signals within each of
the first, second, third, and fourth groups of bioelectrical signals, determining a first relative value of the frequency domain
characteristic based on the frequency domain characteristics of the first and second groups of bioelectrical signals,
determining a second relative value of the frequency domain characteristic based on the frequency domain characteristics
of the second and third groups of bioelectrical signals, determining a third relative value of the frequency domain char-
acteristic based on the frequency domain characteristics of the third and fourth groups of bioelectrical signals, determining
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a fourth relative value of the frequency domain characteristic based on the frequency domain characteristics of the first
and fourth groups of bioelectrical signals, and selecting at least one of the first, second, third, or fourth groups of electrodes
for delivering stimulation to a target tissue site of the patient based on the first, second, third, and fourth relative values.
[0010] In another aspect, the disclosure is directed to a system comprising a plurality of electrodes, a sensing module
that senses a plurality of bioelectrical brain signals via at least one respective electrode of the plurality of electrodes,
and a processor that determines a frequency domain characteristic for each of the plurality of bioelectrical signals,
determines a plurality of relative values of the frequency domain characteristic, wherein each of the plurality of relative
values is based on at least two of the frequency domain characteristics, and selects at least one of the plurality of
electrodes for delivering stimulation to the patient based on the plurality of relative values.
[0011] In another aspect, the disclosure is directed to a system comprising a plurality of electrodes, a sensing module
that senses a first group of bioelectrical signals in a brain of a patient via a first group of electrodes comprising at least
one electrode from the plurality of electrodes, a second group of bioelectrical signals in the brain of the patient via a
second group of electrodes comprising at least one electrode from the plurality of electrodes, a third group of bioelectrical
signals in the brain of the patient via a third group of electrodes comprising at least one electrode from the plurality of
electrodes, and a fourth group of bioelectrical signals in the brain of the patient via a fourth group of electrodes comprising
at least one electrode from the plurality of electrodes, and a processor. The processor determines a frequency domain
characteristic for each of the bioelectrical signals within each of the first, second, third, and fourth groups of bioelectrical
signals, determines a first relative value of the frequency domain characteristic based on the frequency domain char-
acteristics for the first and second groups of bioelectrical signals, determines a second relative value of the frequency
domain characteristic based on the frequency domain characteristics for the second and third groups of bioelectrical
signals, determines a third relative value of the frequency domain characteristic based on the frequency domain char-
acteristics for the third and fourth groups of bioelectrical signals, determines a fourth relative value of the frequency
domain characteristic based on the frequency domain characteristics for the first and fourth groups of bioelectrical signals,
and selects at least one of the first, second, third, or fourth groups of electrodes for delivering stimulation to a target
tissue site of the patient based on the first, second, third, and fourth relative values.
[0012] In another aspect, the disclosure is directed to a system comprising means for sensing a plurality of bioelectrical
brain signals via respective electrodes, means for determining a frequency domain characteristic for each of the plurality
of bioelectrical signals, means for determining a plurality of relative values of the frequency domain characteristics,
wherein each of the plurality of relative values is based on at least two of the frequency domain characteristics, and
means for selecting at least one of the plurality of electrodes for delivering stimulation to the patient based on the plurality
of relative values.
[0013] In another aspect, the disclosure is directed to a system comprising means for sensing a first group of bioelectrical
signals in a brain of a patient via a first group of electrodes comprising at least one electrode from the plurality of
electrodes, a second group of bioelectrical signals in the brain of the patient via a second group of electrodes comprising
at least one electrode from the plurality of electrodes, a third group of bioelectrical signals in the brain of the patient via
a third group of electrodes comprising at least one electrode from the plurality of electrodes, and a fourth group of
bioelectrical signals in the brain of the patient via a fourth group of electrodes comprising at least one electrode from
the plurality of electrodes, means for determining a frequency domain characteristic for each of the bioelectrical signals
within each of the first, second, third, and fourth groups of bioelectrical signals, means for determining a first relative
value of the frequency domain characteristic based on the frequency domain characteristics for the first and second
groups of bioelectrical signals, a second relative value of the frequency domain characteristic based on the frequency
domain characteristics for the second and third groups of bioelectrical signals, a third relative value of the frequency
domain characteristic based on the frequency domain characteristics for the third and fourth groups of bioelectrical
signals, a fourth relative value of the frequency domain characteristic based on the frequency domain characteristics
for the first and fourth groups of bioelectrical signals, and means for selecting at least one of the first, second, third, or
fourth groups of electrodes for delivering stimulation to a target tissue site of the patient based on the first, second, third,
and fourth relative values.
[0014] In another aspect, the disclosure is directed to a computer-readable storage medium comprising instructions.
The instructions cause a programmable processor to determine a frequency domain characteristic for each of a plurality
of bioelectrical signals sensed in a brain of a patient with respective electrodes, determine a plurality of relative values
of the frequency domain characteristic, wherein each of the plurality of relative values is based on at least two of the
frequency domain characteristics, and select at least one of the electrodes for delivering stimulation to the patient based
on the plurality of relative values.
[0015] In another aspect, the disclosure is directed to a computer-readable storage medium comprising instructions.
The instructions cause a programmable processor to determine a frequency domain characteristic each bioelectrical
brain signal of a first group of bioelectrical signals in a brain of a patient with a first group of electrodes, a second group
of bioelectrical signals in the brain of the patient with a second group of electrodes, a third group of bioelectrical signals
in the brain of the patient with a third group of electrodes, and a fourth group of bioelectrical signals in the brain of the
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patient with a fourth group of electrodes, determine a first relative value of the frequency domain characteristic based
on the frequency domain characteristics for the first and second groups of bioelectrical signals, determine a second
relative value of the frequency domain characteristic based on the frequency domain characteristics for the second and
third groups of bioelectrical signals, determine a third relative value of the frequency domain characteristic based on the
frequency domain characteristics for the third and fourth groups of bioelectrical signals, determine a fourth relative value
of the frequency domain characteristic based on the frequency domain characteristics for the first and fourth groups of
bioelectrical signals; and select at least one of the first, second, third, or fourth groups of electrodes for delivering
stimulation to a target tissue site of the patient based on the first, second, third, and fourth relative values.
[0016] In another aspect, the disclosure is directed to a computer-readable storage medium comprising instructions.
The instructions cause a programmable processor to perform any part of the techniques described herein. The instructions
may be, for example, software instructions, such as those used to define a software or computer program. The computer-
readable medium may be a computer-readable storage medium such as a storage device (e.g., a disk drive, or an optical
drive), memory (e.g., a Flash memory, random access memory or RAM) or any other type of volatile or non-volatile
memory that stores instructions (e.g., in the form of a computer program or other executable) to cause a programmable
processor to perform the techniques described herein.
[0017] The details of one or more embodiments of the disclosure are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of the disclosure will be apparent from the description and
drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0018]

FIG. 1 is a conceptual diagram illustrating an example deep brain stimulation (DBS) system.
FIG. 2 is an example spectrogram of a bioelectrical brain signal sensed within a brain of a patient.
FIG 3 is functional block diagram illustrating components of an example medical device.
FIGS. 4A and 4B are diagrams illustrating another example electrode configuration of a medical lead.
FIG. 5 is a functional block diagram illustrating components of an example medical device programmer.
FIG. 6 is a flow diagram of an example technique for determining a frequency band or interest for evaluating sense
electrode combinations.
FIGS. 7A and 7B are flow diagrams illustrating general techniques for selecting sense electrode combinations that
are closest to a target tissue site.
FIG 8 is a diagram illustrating a medical lead with a plurality of electrodes.
FIGS. 9A-9C are flow diagrams illustrating a general algorithm that can be implemented to select electrodes that
are closest to a target tissue site.
FIG 10 is a flow diagram illustrating an algorithm that can be implemented to select electrodes that are closest to a
target tissue site on a lead with four ring electrodes.
FIGS. 11A-11H, 12A-12E, and 13A-13B are graphs illustrating the relative values of beta band power levels for
electrode combinations when a target tissue site is located closest to different electrodes along a lead with four ring
electrodes.
FIG. 14 is a flow diagram illustrating an example technique for determining the electrode or electrodes closest to a
target tissue site for a lead comprising groups of segmented electrodes.
FIGS. 15A-15B, 16A-16B, 17A-17B, 18A-18B, 19A-19B, and 20A-20E are graphs illustrating the relative values of
beta band power levels for electrode combinations when a target tissue site is located closest to different electrodes
along a lead with two groups of ring electrodes and two groups of segmented electrodes.
FIG 21 is a flow diagram illustrating an example technique for determining the electrode or electrodes closest to a
target tissue site for an IMD comprising multiple leads each comprising groups of electrodes.
FIG. 22 is a flow diagram illustrating an example technique for selecting sense electrode combinations that are
closest to a target tissue site based on bioelectrical brain signals sensed via multipolar sense electrode combinations.
FIG. 23 is a flow diagram illustrating an example technique for evaluating selected stimulation electrodes.

DETAILED DESCRIPTION

[0019] FIG. 1 is a conceptual diagram illustrating an example therapy system 10 that delivers therapy to control a
patient condition, such as a movement disorder, neurodegenerative impairment, a mood disorder or a seizure disorder
of patient 12. Patient 12 ordinarily will be a human patient. In some cases, however, therapy system 10 may be applied
to other mammalian or non-mammalian, non-human patients. While movement disorders and neurodegenerative im-
pairment are primarily referred to herein, in other examples, therapy system 10 may provide therapy to manage symptoms
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of other patient conditions, such as, but not limited to, seizure disorders (e.g., epilepsy) or mood (or psychological)
disorders (e.g., major depressive disorder (MDD), bipolar disorder, anxiety disorders, post traumatic stress disorder,
dysthymic disorder, and obsessive-compulsive disorder (OCD)).
[0020] A movement disorder or other neurodegenerative impairment may include symptoms such as, for example,
muscle control impairment, motion impairment or other movement problems, such as rigidity, bradykinesia, rhythmic
hyperkinesia, nonrhythmic hyperkinesia, and akinesia. In some cases, the movement disorder may be a symptom of
Parkinson’s disease. However, the movement disorder may be attributable to other patient conditions. Although move-
ment disorders arc primarily referred to throughout the remainder of the disclosure, the therapy systems and methods
described herein are also useful for managing (e.g., controlling patient symptoms) other patient conditions, such as
neurodegenerative impairment or mood disorders.
[0021] Therapy system 10 includes medical device programmer 14, implantable medical device (IMD) 16, lead exten-
sion 18, and leads 20A and 20B with respective sets of electrodes 24, 26. In the example shown in FIG. 1, electrodes
24, 26 of leads 20A, 20B are positioned to deliver electrical stimulation to a tissue site within brain 28, such as a deep
brain site under the dura mater of brain 28 of patient 12. In some examples, delivery of stimulation to one or more regions
of brain 28, such as the subthalamic nucleus, globus pallidus or thalamus, may be an effective treatment to manage
movement disorders, such as Parkinson’s disease. Electrodes 24, 26 are also positioned to sense bioelectrical brain
signals within brain 28 of patient 12. In some examples, some of electrodes 24, 26 may be configured to sense bioelectrical
brain signals and others of electrodes 24, 26 may be configured to deliver electrical stimulation to brain 28. In other
examples, all of electrodes 24, 26 are configured to both sense bioelectrical brain signals and deliver electrical stimulation
to brain 28.
[0022] IMD 16 includes a therapy module that includes a stimulation generator that generates and delivers electrical
stimulation therapy to patient 12 via a subset of electrodes 24, 26 of leads 20A and 20B, respectively. The subset of
electrodes 24, 26 that are used to deliver electrical stimulation to patient 12, and, in some cases, the polarity of the
subset of electrodes 24, 26, may be referred to as a stimulation electrode combination. As described in further detail
below, the stimulation electrode combination can be selected for a particular patient 12 and target tissue site (e.g.,
selected based on the patient condition) based on one or more frequency domain characteristics of a bioelectrical brain
signal that is sensed by one or more groups of electrodes 24, 26 that are associated with the stimulation electrode
combination. The group of electrodes 24, 26 includes at least one electrode and can include a plurality of electrodes. In
some examples, the bioelectrical signals sensed within brain 28 may reflect changes in electrical current produced by
the sum of electrical potential differences across brain tissue. Examples of bioelectrical brain signals include, but are
not limited to, electrical signals generated from local field potentials (LFP) sensed within one or more regions of brain
28, such as an electroencephalogram (EEG) signal, or an electrocorticogram (ECoG) signal. Local field potentials,
however, may include a broader genus of electrical signals within brain 28 of patient 12.
[0023] In some examples, the bioelectrical brain signals that are used to select a stimulation electrode combination
may be sensed within the same region of brain 28 as the target tissue site for the electrical stimulation. As previously
indicated, these tissue sites may include tissue sites within the thalamus, subthalamic nucleus or globus pallidus of brain
28, as well as other target tissue sites. The specific target tissue sites and/or regions within brain 28 may be selected
based on the patient condition. Thus, in some examples, both a stimulation electrode combination and sense electrode
combinations may be selected from the same set of electrodes 24, 26. In other examples, the electrodes used for
delivering electrical stimulation may be different than the electrodes used for sensing bioelectrical brain signals.
[0024] In some examples, the stimulation electrode combination may be selected during a programming session
following the implantation of IMD 16 and leads 20A, 20B in patient 12. For example, during the programming session,
bioelectrical brain signals may be sensed within brain 28 via one or more of electrodes 24, 26. Each sense electrode
combination may include a different subset of one or more electrodes 24, 26. Frequency domain characteristics of each
of the sensed bioelectrical brain signals may be compared to each other and one or more stimulation electrode combi-
nations may be selected based on the comparison. An example of a frequency domain characteristic may include power
level (or energy level) within a particular frequency band. The power level may be determined based on, for example,
a spectral analysis of a bioelectrical brain signal. The spectral analysis may indicate the distribution over frequency of
the power contained in a signal, based on a finite set of data.
[0025] In some examples, a stimulation electrode combination can be selected based on the one or more electrodes
with which the bioelectrical brain signal with the highest relative band power (or energy) level in a selected frequency
band was sensed. This may indicate, for example, that the one or more electrodes with which the bioelectrical brain
signal with the highest relative band power level was sensed is located closest to the target tissue site, which can be a
region within brain 28 that produces a bioelectrical signal with the highest relative power level within a selected frequency
band. The particular frequency band of interest is selected based on the patient condition. For example, it is believed
that abnormal activity within a beta band (e.g., about 8 hertz (Hz) to about 30 Hz or about 16 Hz to about 30 Hz) of a
bioelectrical brain signal is indicative of brain activity associated with a movement disorder (e.g., Parkinson’s disease),
as well as revealing of a target tissue site for therapy delivery to manage the patient condition. Therefore, in some
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examples, the power level within a beta band of a bioelectrical brain signal can be used to identify a target tissue site
for stimulation therapy to manage a movement disorder.
[0026] In other examples, depending on the patient condition, electrical activity within a gamma band (e.g., about 35
Hz to about 120 Hz) of a bioelectrical brain signal may be revealing of a target tissue site. For example, a target tissue
site, e.g., the subthalamic nucleus, within the brain of a patient with Parkinson’s disease or another movement disorder
may exhibit bioelectrical brain signals with high gamma band activity when the patient is treated with medication or when
the patient moves. Therefore, in some examples, the power level within a gamma band of a bioelectrical brain signal
can be used to identify a target tissue site.
[0027] Some algorithms described herein help identify the location of a target tissue site in a direction substantially
along a longitudinal axis of one or both leads 20. That is, some algorithms described herein help identify which electrode
24, 26 along the respective lead 20 is closest to the target tissue site, whereby each of the electrodes 24 is displaced
from an adjacent electrode in an axial direction along the longitudinal axis of lead 20A, and each of the electrodes 26 is
displaced from an adjacent electrode in an axial direction along the longitudinal axis of lead 20B. In addition, in some
examples, some algorithms described herein help identify the location of a target tissue site in a direction other than a
direction indicated by the longitudinal axis of one or both leads 20. For example, algorithms described herein help identify
the location of a target tissue site in a direction indicated by each of a plurality of segmented or partial ring electrodes
that share an axial position along a longitudinal axis of one or both leads 20, but have different radial positions (e.g., a
direction substantially perpendicular to the longitudinal axis of one or both leads 20). When both types of algorithms are
combined, such that the location of a target tissue site is determined in two directions, the combined algorithm can be
referred to as a three-dimensional (3D) algorithm, which can be used to locate a relative target tissue site in three
dimensions.
[0028] In some cases, the target tissue site for therapy delivery may be located between two sense electrodes. If the
target tissue site is located directly between two sense electrodes, determining which of the sense electrodes is closest
to the target tissue site may require a more complex technique than simply determining the electrode or electrodes that
sensed the bioelectrical signal with the highest relative power level within the selected frequency band. In examples
described herein, an algorithm that determines whether the target tissue site is located between sensed electrodes may
be applied to determine the electrode or electrodes that are located closest to a target tissue site.
[0029] In some examples, the algorithm includes sensing a plurality of bioelectrical brain signals and determining the
relative beta band power levels. The relative beta band power may be a ratio of the power in a beta band of the sensed
signal to the overall power of the sensed signal. The relative beta band power may be used instead of the beta band
power in order to normalize the bioelectrical signals sensed by sense electrodes located in different regions of a patient’s
brain. This normalization of sensed brain signals applies to the power level within any selected frequency band. Thus,
while "power levels" within a selected frequency band of a sensed brain signal are generally referred to herein, the power
level may be a relative power level, which is a ratio of a power level in a selected frequency band of a sensed brain
signal to the overall power of the sensed brain signal.
[0030] The power level in the selected frequency band may be determined using any suitable technique. In some
examples, a processor of IMD 16 may average the power level of the selected frequency band of a sensed brain signal
over a predetermined time period, such as about ten seconds to about two minutes, although other time ranges are also
contemplated. In other examples, the selected frequency band power level may be a median power level over a prede-
termined range of time, such as about ten seconds to about two minutes. The activity within the selected frequency band
of a brain signal, as well as other frequency bands of interest, may fluctuate over time. Thus, the power level in the
selected frequency band at one instant in time may not provide an accurate and precise indication of the energy of the
brain signal in the selected frequency band. Averaging or otherwise monitoring the power level in the selected frequency
band over time may help capture a range of power levels, and, therefore, a better indication of the patient’s pathological
state in the particular brain region sensed by IMD 16.
[0031] The overall power of a sensed bioelectrical brain signal may be determined using any suitable technique. In
one example, a processor of IMD 16 (or another device, such as programmer 14) may determine an overall power level
of a sensed bioelectrical brain signal based on the total power level of a swept spectrum of the brain signal. To generate
the swept spectrum, the processor may control a sensing module to tune to consecutive frequency bands over time,
and the processor may assemble a pseudo-spectrogram of the sensed bioelectrical brain signal based on the power
level in each of the extracted frequency bands. The pseudo-spectrogram may be indicative of the energy of the frequency
content of the bioelectrical brain signal within a particular window of time.
[0032] The algorithm further includes determining a plurality of relative values of the relative beta band power level,
where each relative value is based on the relative beta band power levels of two bioelectrical signals sensed by two
different electrodes, and selecting the sense electrode or electrodes that are closest to the target tissue site based on
the plurality of relative values. The selected electrode or electrodes may be associated with one or more stimulation
electrode combinations, which may be programmed into IMD 16 for the delivery of stimulation therapy to brain 28. In
this way, the stimulation electrode combination may be selected based on a frequency domain characteristic of a bioe-
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lectrical brain signal.
[0033] In some examples, other stimulation parameter values may be selected based on the frequency domain char-
acteristics of a bioelectrical brain signal sensed via one or more groups of sense electrodes associated with a stimulation
electrode combination. For example, a beta band power level may be associated with a stimulation amplitude value that
may provide efficacious therapy to patient 12.
[0034] For a particular patient condition, one or more specific frequency bands may be more revealing of a useful
target tissue site for providing stimulation therapy to patient 12 than other frequency bands. Processor 40 (shown in
FIG. 3) of IMD 16 may perform a spectral analysis of the bioelectrical brain signal in the revealing frequency bands. The
spectral analysis of a bioelectrical signal may indicate the power level of each bioelectrical signal within each given
frequency band over a range of frequencies. While the beta frequency band is primarily referred to herein, in other
examples, processor 40 may select a stimulation electrode combination based on the power level within one or more
frequency bands other than the beta band. For example, processor 40 may compare the power levels of a frequency
band other than the beta band in bioelectrical signals sensed by different electrodes to determine relative values of the
power levels for combinations of electrodes. Processor 40 may then determine which of the electrodes is closest to a
target tissue site based on the relative values. In some examples, the beta band includes a frequency range of about
10 Hertz (Hz) to about 35 Hz, such as about 10 Hz to about 30 Hz or 13 Hz to about 30 Hz.
[0035] Different frequency bands are associated with different activity in brain 28. It is believed that some frequency
band components of a biosignal from within brain 28 may be more revealing of particular patient condition and abnormal
brain activity associated with the particular patient condition than other frequency components. One example of the
frequency bands is shown in Table 1:

[0036] The frequency ranges for the frequency bands shown in Table 1 are merely examples. The frequency ranges
may differ in other examples. For example, another example of frequency ranges for frequency bands are shown in
Table 2:

[0037] In one example, a clinician may select the frequency band of a bioelectrical brain signal for selecting stimulation
electrode combinations based on information specific to patient 12 or based on data gathered from more than one patient
12. The frequency bands that are useful for identifying a target tissue site for stimulation to manage a patient condition
can be specific to a particular patient 12 or general to a group of patients with similar conditions. In some examples, a
clinician may utilize medical imaging techniques to identify which portions of brain 28 exhibit abnormal activity when
symptoms of the patient condition are observed. For example, the clinician may utilize an imaging device, such as
magnetoencephalography (MEG), positron emission tomography (PET) or functional magnetic resonance imaging (fMRI)

Table 1: Frequency bands

Frequency (t) Band Hertz (Hz) Frequency Information

f < 5 Hz δ (delta frequency band)

5 Hz ≤ f ≤ 10 Hz α (alpha frequency band)

10 Hz ≤ f ≤ 30 Hz β (beta frequency band)

50 Hz ≤ f ≤ 100 Hz γ (gamma frequency band)

100 Hz ≤  f ≤  200 Hz high γ (high gamma frequency band)

Table 2: Frequency bands

Frequency (f) Band Hertz (Hz) Frequency Information

f < 5 Hz δ (delta frequency band)

5 Hz ≤ f ≤ 8 Hz q (theta frequency band)

8 Hz ≤ f ≤ 12 Hz α (alpha frequency band)

12 Hz ≤ f ≤ 16 Hz s (sigma or low beta frequency band)

16 Hz ≤ f ≤ 30 Hz High β (high beta frequency band)

50 Hz ≤ f ≤ 100 Hz γ (gamma frequency band)

100 Hz ≤  f ≤  200 Hz high γ (high gamma frequency band)
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to identify the region of brain 28 associated that exhibits the greatest detectable change when certain patient symptoms
(e.g., a difficulty initiating movement) are observed. In other examples, the clinician can select the target tissue site
known to be associated with the patient condition based on, e.g., past knowledge or past studies on subjects with similar
patient conditions. In the examples described below, the beta band is used as an example to describe the techniques
for selecting stimulation electrode combinations based on a bioelectrical brain signal. However, the techniques described
below are applicable to other frequency bands.
[0038] Some movement disorder symptoms of patient 12, such as bradykinesia, may be associated with abnormal
synchronization of beta frequency band activity within particular structures of brain 28 of patient 12. FIG. 2 is an example
spectrogram of bioelectrical brain signals sensed within a subthalamic nucleus of a brain of a human subject. The y-
axis of the spectrogram indicates the frequency band of the bioelectrical brain signal, the x-axis indicates time, and the
z-axis, which extends substantially perpendicular to the plane of the image of FIG. 2, as indicated by the intensity of the
spectrogram, indicates a power level of the bioelectrical brain signal. The spectrogram provides a three-dimensional
plot of the energy of the frequency content of a bioelectrical brain signal as it changes over time.
[0039] In a first time period 34, the human subject is in a pathological state and is not under the influence of therapy
to mitigate effects of a movement disorder. As shown in FIG. 2, in the first time period 34, a power level of the bioelectrical
brain signal of the human subject in a subset of the beta band 36 is relatively high, as indicated by the relatively intense
color in FIG. 2. The subset of the beta band 36 in the example shown in FIG. 2 includes a frequency range of about 10
Hz to about 20 Hz. In a second time period 38, the human subject is under the influence of pharmaceutical agents to
mitigate effects of the movement disorder. As shown in FIG. 2, compared to the first time period 34, the beta band activity
decreases during the second time period 38 in which the human subject is receiving movement disorder therapy.
[0040] The spectrogram shown in FIG. 2 demonstrates that a power level in a beta band of a bioelectrical brain signal
may be relatively high in patients suffering from movement disorder symptoms, and the power level may decrease upon
the receipt of therapy to manage the movement disorder symptoms. Thus, a high beta band power level may be a marker
for a movement disorder. In addition, a tissue site within brain 28 that exhibits a relatively high beta band power level
may be an efficacious target tissue site for providing stimulation therapy to patient 12.
[0041] In some patients, identifying the location within brain 28 that exhibits the highest relative beta band activity may
indicate the location at which electrical stimulation may relatively effectively suppress the abnormal synchronization of
beta frequency band activity associated with the patient’s movement disorder. The location within brain 28 that demon-
strates the highest relative beta band activity may indicate the location within brain 28 that is a suitable stimulation target
for electrical stimulation to manage the patient’s movement disorder. As a result of directing stimulation to this stimulation
target that exhibits a relatively high level of beta band energy, the intensity of stimulation that IMD 16 may deliver in
order to provide efficacious stimulation therapy may be lower than the intensity of stimulation that may be required to
provide efficacious stimulation therapy to other tissue sites that may be further from the stimulation target or less func-
tionally related to the stimulation target. An intensity of stimulation may be related to the current or voltage amplitude of
a stimulation signal, a frequency of the stimulation signal, and, if the signal comprises a pulse, a pulse width, and/or
pulse shape of the stimulation signal.
[0042] In some examples, the groups of sense electrodes that are closest to the tissue site with the highest relative
beta band (or other selected frequency band) activity within brain 28 may provide the best relative efficacy when stimulation
therapy is delivered via the subset of electrodes of the sense electrode combination. Thus, in some examples, the
stimulation electrode combination may comprise one or more electrodes from these groups of sense electrodes. In some
examples, electrical stimulation may be delivered to substantially the same location at which a bioelectrical brain signal
having a relatively high relative beta band power was sensed in order to effectively suppress the abnormal synchronization
of beta frequency band activity associated with the patient’s movement disorder.
[0043] In other examples, the stimulation electrode combination may comprise a different subset of electrodes than
the groups of sense electrodes that are closest to the tissue site with the highest relative beta band activity. For example,
a sense electrode combination may include at least two electrodes 24, 26 of leads 20A, 20B, whereas a stimulation
electrode combination may include a single electrode of leads 20A, 20B (e.g., to provide unipolar stimulation) or more
than two electrodes. In a unipolar configuration, stimulation may be provided between an electrode of one of the leads
20A, 20B and a housing of IMD 16 or another reference electrode located farther away. In the case of stimulation
electrode combinations, it may be possible for more than one electrode to share a polarity. Therefore, in some cases,
the stimulation electrode combination can include more electrodes than the sense electrode combination. If the stimulation
electrode combination and an associated group of sense electrodes include at least one different electrode, the stimulation
electrode combination and sense electrode combination may be positioned within different regions of brain 28. The
regions may or may not overlap.
[0044] In some examples, the sense electrodes closest to the highest relative beta band activity within brain 28 may
be mapped to a stimulation electrode combination that may provide relatively efficacious stimulation therapy. For example,
the sense electrode combinations and the stimulation electrode combinations may be related by a functional relationship
between different regions of brain 28. For example, a group of sense electrodes that senses a bioelectrical signal having
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a relatively high beta band power within a first part of the thalamus of brain 28 may be mapped to a second part of the
thalamus that is functionally connected to first part. This functional relationship may indicate that if electrical stimulation
is delivered to the second part of the thalamus via a particular stimulation electrode combination, any irregular oscillations
or other irregular brain activity within the first part of the thalamus may be effectively suppressed.
[0045] One example method in which relative beta band power levels are recorded, analyzed, and compared to one
another, and in which the sense electrode with the highest power level is selected as the sense electrode closest to the
target tissue site is described in U.S. Patent Publication No. 2010-0100153, published April 22, 2010, by Carlson et al.,
entitled "STIMULATION ELECTRODE SELECTION." This technique is useful for selecting stimulation electrode com-
binations based on the frequency domain characteristics of one or more bioelectrical brain signals sensed with respective
sense electrode combinations. In some cases, however, when the bioelectrical brain signals are sensed with a bipolar
sensing configuration (e.g., sensing between electrodes of leads 20A, 20B), the sense electrode combination with the
highest recorded relative beta band power level may not be the closest to the target tissue site. For example, if the target
tissue site (e.g., the site within brain 28 that exhibits the highest relative beta band power) is situated between two
electrodes, the relative value for the electrode combination may have the lowest relative beta band power instead of the
highest.
[0046] Techniques such as those described herein may facilitate determining the sense electrode or electrodes closest
to a target tissue site, including in cases in which the target tissue site is between two sense electrodes. By comparing
the relative beta band power levels of bioelectrical brain signals sensed with different electrodes (or different combinations
of electrodes), a processor of a device (e.g., IMD 16 or programmer 14) can determine whether the target tissue site is
closer to certain electrodes because the strength of the relative beta band power level is revealing of the location of the
target tissue site relative to the electrodes.
[0047] Selecting one or more stimulation electrode combinations for therapy system 10 based on sensed bioelectrical
brain signals may be useful for minimizing the amount of time required to select efficacious stimulation electrode com-
binations. In the example shown in FIG. 1, therapy system 10 comprises eight electrodes 24, 26, whereby any combination
of the eight electrodes 24, 26 may be selected to provide stimulation therapy to brain 28. In existing techniques, a clinician
may randomly select and test stimulation electrode combinations in order to find an efficacious stimulation electrode
combination. In some cases, the clinician’s knowledge and experience selecting stimulation electrode combinations may
help limit the amount of time required to select stimulation electrode combinations. The clinician may select a stimulation
electrode combination based on a balance of side effects experienced by patient 12 and the extent to which the symptoms
of the patient’s movement disorder (or other patient condition) are mitigated. In these existing techniques, the clinician
may not consider the specific anatomical make-up of brain 28 of patient 12 to select electrode combinations to test, nor
the particular physiological characteristics of patient 12 and the particular dysfunctional state of the patient’s brain 28.
The existing techniques for selecting and testing stimulation electrode combinations and identifying a relatively efficacious
stimulation electrode combination may be relatively time consuming and tedious.
[0048] In contrast, the systems, devices, and techniques described herein for selecting a stimulation electrode com-
bination utilize information that is specific to patient 12. In particular, sensed bioclcctrical brain signals may provide a
clinician with useful information that suggests an efficacious stimulation electrode combination for patient 12. The infor-
mation for selecting an efficacious stimulation electrode combination may be in the form of one or more frequency domain
characteristics of a bioelectrical brain signal sensed by a particular group of sense electrodes. Differences in the amplitude
of the one or more frequency domain characteristics of bioelectrical signals sensed with different electrodes may provide
additional information for determining a sense electrode or electrodes that are closest to a target tissue site within brain
28 and may facilitate selection of an efficacious stimulation electrode combination. The sensed bioelectrical brain signals
are specific to patient 12 because they are sensed within the patient’s brain 28, and, therefore, may be used to relatively
quickly ascertain the stimulation electrode combinations that may provide efficacious therapy to the specific patient 12.
[0049] In addition to decreasing the time required to select an efficacious stimulation electrode combination, the
techniques described herein may also help decrease the amount of expertise or experience required to find an efficacious
stimulation electrode combination in an efficient manner. For example, as described in further detail below, programmer
14 or another computing device may automatically evaluate one or more groups of sense electrodes and determine
which particular group of sense electrodes is associated with a stimulation electrode combination that may provide
efficacious therapy to patient 12 based on the bioelectrical brain signals specific to patient 12 and specific to the actual
lead placement within the patient’s brain 28.
[0050] After selecting stimulation electrode combinations in accordance with the systems and techniques described
herein, a clinician, alone or with the aid of a computing device, such as programmer 14, may select the other stimulation
parameter values that provide efficacious therapy to patient 12. These other stimulation parameter values may include,
for example, a frequency and amplitude of stimulation signals, and, in the case of stimulation pulses, a duty cycle and
pulse width of the stimulation signals.
[0051] In some examples, after IMD 16 is implanted within patient 12 and programmed for chronic therapy delivery,
IMD 16 may periodically reassess the selected stimulation electrode combination to determine whether another stimu-
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lation electrode combination may provide more efficacious therapy. IMD 16 may determine, for example, whether the
target tissue site for stimulation therapy has changed, e.g., based on physiological changes in brain 28 or whether one
or both leads 20A, 20B have migrated away from the original implant site within brain 28. In some examples, in order
to periodically reassess the selected stimulation electrode combination, a processor of IMD 16 may periodically sense
bioelectrical brain signals with one or more groups of sense electrodes comprising electrodes 24, 26 of leads 20A, 20B,
respectively. The processor may determine whether stimulation should be delivered to brain 28 with a different stimulation
electrode combination based on an analysis of the frequency band characteristics of the sensed bioelectrical brain
signals. For example, the processor of IMD 16 may switch the subset of electrodes with which IMD 16 delivers stimulation
to patient 12 if the currently selected stimulation electrode combination is not associated with a group of sense electrodes
that is closest to a target tissue site exhibiting a bioelectrical signal having the highest relative beta band power. In this
way, the stimulation electrode combination used by IMD 16 to deliver electrical stimulation to patient 12 may be dynam-
ically changed in a closed-loop system.
[0052] Electrical stimulation generated by IMD 16 may be configured to manage a variety of disorders and conditions.
In some examples, the stimulation generator of IMD 16 is configured to generate and deliver electrical pulses to patient
12 via electrodes of a selected stimulation electrode combination. However, in other examples, the stimulation generator
of IMD 16 may be configured to generate and deliver a continuous wave signal, e.g., a sine wave or triangle wave. In
either case, a signal generator within IMD 16 may generate the electrical stimulation therapy for DBS according to a
therapy program that is selected at that given time in therapy. In examples in which IMD 16 delivers electrical stimulation
in the form of stimulation pulses, a therapy program may include a set of therapy parameter values, such as a stimulation
electrode combination for delivering stimulation to patient 12, pulse frequency, pulse width, and a current or voltage
amplitude of the pulses. As previously indicated, the stimulation electrode combination may indicate the specific elec-
trodes 24, 26 that are selected to deliver stimulation signals to tissue of patient 12 and the respective polarity of the
selected electrodes.
[0053] IMD 16 may be implanted within a subcutaneous pocket above the clavicle, or, alternatively, the abdomen,
back or buttocks of patient 12, on or within cranium 32 or at any other suitable site within patient 12. Generally, IMD 16
is constructed of a biocompatible material that resists corrosion and degradation from bodily fluids. IMD 16 may comprise
a hermetic housing to substantially enclose components, such as a processor, therapy module, and memory.
[0054] As shown in FIG 1, implanted lead extension 18 is coupled to IMD 16 via connector 30 (also referred to as a
connector block or a header of IMD 16). In the example of FIG. 1, lead extension 18 traverses from the implant site of
IMD 16 and along the neck of patient 12 to cranium 32 of patient 12 to access brain 28. In the example shown in FIG
1, leads 20A and 20B (collectively "leads 20") are implanted within the right and left hemispheres, respectively, of patient
12 in order deliver electrical stimulation to one or more regions of brain 28, which may be selected based on the patient
condition or disorder controlled by therapy system 10. The specific target tissue site and the stimulation electrodes used
to deliver stimulation to the target tissue site, however, may be selected, e.g., using the algorithms described herein,
e.g., with respect to FIGS. 7A, 7B, 9A-9C, 10, 14, and 21. Other lead 20 and IMD 16 implant sites are contemplated.
For example, IMD 16 may be implanted on or within cranium 32, in some examples. Or leads 20 may be implanted
within the same hemisphere or IMD 16 may be coupled to a single lead.
[0055] Although leads 20 are shown in FIG. 1 as being coupled to a common lead extension 18, in other examples,
leads 20 may be coupled to IMD 16 via separate lead extensions or directly to connector 30. Leads 20 may be positioned
to deliver electrical stimulation to one or more target tissue sites within brain 28 to manage patient symptoms associated
with a movement disorder of patient 12. Leads 20 may be implanted to position electrodes 24, 26 at desired locations
of brain 28 through respective holes in cranium 32. Leads 20 may be placed at any location within brain 28 such that
electrodes 24, 26 are capable of providing electrical stimulation to target tissue sites within brain 28 during treatment.
For example, electrodes 24, 26 may be surgically implanted under the dura mater of brain 28 or within the cerebral
cortex of brain 28 via a burr hole in cranium 32 of patient 12, and electrically coupled to IMD 16 via one or more leads 20.
[0056] Example techniques for delivering therapy to manage a movement disorder are described in U.S. Patent Ap-
plication Publication No. 2009/0099627 by Molnar et al., entitled, "THERAPY CONTROL BASED ON A PATIENT MOVE-
MENT STATE," which was filed on September 25, 2008. In some examples described by U.S. Patent Application
Publication No. 2009/0099627 by Molnar et al., a brain signal, such as an EEG or ECoG signal, may be used to determine
whether a patient is in a movement state or a rest state. The movement state includes the state in which the patient is
generating thoughts of movement (i.e., is intending to move), attempting to initiate movement or is actually undergoing
movement. The movement state or rest state determination may then be used to control therapy delivery. For example,
upon detecting a movement state of the patient, therapy delivery may be activated in order to help patient 12 initiate
movement or maintain movement, and upon detecting a rest state of patient 12, therapy delivery may be deactivated
or otherwise modified.
[0057] In the example shown in FIG. 1, electrodes 24, 26 of leads 20 are shown as ring electrodes. Ring electrodes
may be used in DBS applications because they are relatively simple to program and are capable of delivering an electrical
field to any tissue adjacent to electrodes 24, 26. In other examples, electrodes 24, 26 may have different configurations.
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For example, in some examples, at least some of the electrodes 24, 26 of leads 20 may have a complex electrode array
geometry that is capable of producing shaped electrical fields. The complex electrode array geometry may include
multiple electrodes (e.g., partial ring or segmented electrodes) around the outer perimeter of each lead 20, rather than
one ring electrode. In this manner, electrical stimulation may be directed in a specific direction from leads 20 to enhance
therapy efficacy and reduce possible adverse side effects from stimulating a large volume of tissue. An example of a
complex electrode array geometry including segmented electrodes is shown and described with reference to FIGS. 4A
and 4B. In some examples, a housing of IMD 16 may include one or more stimulation and/or sensing electrodes. In
alternative examples, leads 20 may have shapes other than elongated cylinders as shown in FIG. 1. For example, leads
20 may be paddle leads, spherical leads, bendable leads, or any other type of shape effective in treating patient 12
and/or minimizing invasiveness of leads 20.
[0058] In the example shown in FIG. 1, IMD 16 includes a memory (shown in FIG 3) to store a plurality of therapy
programs that each define a set of therapy parameter values. In some examples, IM D 16 may select a therapy program
from the memory based on various parameters, such as a detected patient activity level, a detected patient state, based
on the time of day, and the like. IMD 16 may generate electrical stimulation based on the selected therapy program to
manage the patient symptoms associated with a movement disorder.
[0059] During a trial stage in which IMD 16 is evaluated to determine whether IMD 16 provides efficacious therapy to
patient 12, a plurality of therapy programs may be tested and evaluated for efficacy. In addition, one or more stimulation
electrode combinations may be selected for the one or more therapy programs based on frequency band characteristics
of sensed bioelectrical brain signals, as described in further detail below. Therapy programs may be selected for storage
within IMD 16 based on the results of the trial stage.
[0060] During chronic therapy in which IMD 16 is implanted within patient 12 for delivery of therapy on a non-temporary
basis, IMD 16 may generate and deliver stimulation signals to patient 12 according to different therapy programs. In
addition, in some examples, patient 12 may modify the value of one or more therapy parameter values within a single
given program or switch between programs in order to alter the efficacy of the therapy as perceived by patient 12 with
the aid of programmer 14. The memory of IMD 16 may store instructions defining the extent to which patient 12 may
adjust therapy parameters, switch between programs, or undertake other therapy adjustments. Patient 12 may generate
additional programs for use by IMD 16 via external programmer 14 at any time during therapy or as designated by the
clinician.
[0061] External programmer 14 wirelessly communicates with IMD 16 as needed to provide or retrieve therapy infor-
mation. Programmer 14 is an external computing device that the user, e.g., the clinician and/or patient 12, may use to
communicate with IMD 16. For example, programmer 14 may be a clinician programmer that the clinician uses to
communicate with IMD 16 and program one or more therapy programs for IMD 16. Alternatively, programmer 14 may
be a patient programmer that allows patient 12 to select programs and/or view and modify therapy parameters. The
clinician programmer may include more programming features than the patient programmer. In other words, more
complex or sensitive tasks may only be allowed by the clinician programmer to prevent an untrained patient from making
undesirable changes to IMD 16.
[0062] Programmer 1.4 may be a hand-held computing device with a display viewable by the user and an interface
for providing input to programmer 14 (i.e., a user input mechanism). For example, programmer 14 may include a small
display screen (e.g., a liquid crystal display (LCD) or a light emitting diode (LED) display) that presents information to
the user. In addition, programmer 14 may include a touch screen display, keypad, buttons, a peripheral pointing device
or another input mechanism that allows the user to navigate though the user interface of programmer 14 and provide
input. If programmer 14 includes buttons and a keypad, the buttons may be dedicated to performing a certain function,
i.e., a power button, or the buttons and the keypad may be soft keys that change in function depending upon the section
of the user interface currently viewed by the user. Alternatively, the screen (not shown) of programmer 14 may be a
touch screen that allows the user to provide input directly to the user interface shown on the display. The user may use
a stylus or a finger to provide input to the display.
[0063] In other examples, programmer 14 may be a larger workstation or a separate application within another multi-
function device, rather than a dedicated computing device. For example, the multi-function device may be a notebook
computer, tablet computer, workstation, cellular phone, personal digital assistant or another computing device that may
run an application that enables the computing device to operate as medical device programmer 14. A wireless adapter
coupled to the computing device may enable secure communication between the computing device and IMD 16.
[0064] When programmer 14 is configured for use by the clinician, programmer 14 may be used to transmit initial
programming Information to IMD 16. This initial information may include hardware information, such as the type of leads
20 and the electrode arrangement, the position of leads 20 within brain 28, the configuration of electrode array 24, 26,
initial programs defining therapy parameter values, and any other information the clinician desires to program into IMD
16. Programmer 14 may also be capable of completing functional tests (e.g., measuring the impedance of electrodes
24, 26 of leads 20).
[0065] The clinician may also store therapy programs within IMD 16 with the aid of programmer 14. During a program-
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ming session, the clinician may determine one or more therapy programs that may provide efficacious therapy to patient
12 to address symptoms associated with the patient condition, and, in some cases, specific to one or more different
patient states, such as a sleep state, movement state or rest state. For example, the clinician may select one or more
stimulation electrode combination with which stimulation is delivered to brain 28. During the programming session,
patient 12 may provide feedback to the clinician as to the efficacy of the specific program being evaluated or the clinician
may evaluate the efficacy based on one or more physiological parameters of patient 12 (e.g., muscle activity or muscle
tone). Programmer 14 may assist the clinician in the creation/identification of therapy programs by providing a methodical
system for identifying potentially beneficial therapy parameter values.
[0066] Programmer 14 may also be configured for use by patient 12. When configured as a patient programmer,
programmer 14 may have limited functionality (compared to a clinician programmer) in order to prevent patient 12 from
altering critical functions of IMD 16 or applications that may be detrimental to patient 12. In this manner, programmer
14 may only allow patient 12 to adjust values for certain therapy parameters or set an available range of values for a
particular therapy parameter.
[0067] Programmer 14 may also provide an indication to patient 12 when therapy is being delivered, when patient
input has triggered a change in therapy or when the power source within programmer 14 or IMD 16 needs to be replaced
or recharged. For example, programmer 14 may include an alert LED, may flash a message to patient 12 via a programmer
display, generate an audible sound or somatosensory cue to confirm patient input was received, e.g., to indicate a patient
state or to manually modify a therapy parameter.
[0068] Programmer 14 is configured to communicate to IMD 16 and, optionally, another computing device, via wireless
communication. Programmer 14, for example, may communicate via wireless communication with IMD 16 using radio
frequency (RF) telemetry techniques known in the art. Programmer 14 may also communicate with another programmer
or computing device via a wired or wireless connection using any of a variety of local wireless communication techniques,
such as RF communication according to the 802.11 or Bluetooth specification sets, infrared (IR) communication according
to the IRDA specification set, or other standard or proprietary telemetry protocols. Programmer 14 may also communicate
with other programming or computing devices via exchange of removable media, such as magnetic or optical disks,
memory cards or memory sticks. Further, programmer 14 may communicate with IMD 16 and another programmer via
remote telemetry techniques known in the art, communicating via a local area network (LAN), wide area network (WAN),
public switched telephone network (PSTN), or cellular telephone network, for example.
[0069] Therapy system 10 may be implemented to provide chronic stimulation therapy to patient 12 over the course
of several months or years. However, system 10 may also be employed on a trial basis to evaluate therapy before
committing to full implantation. If implemented temporarily, some components of system 10 may not be implanted within
patient 12. For example, patient 12 may be fitted with an external medical device, such as a trial stimulator, rather than
IMD 16. The external medical device may be coupled to percutaneous leads or to implanted leads via a percutaneous
extension. If the trial stimulator indicates DBS system 10 provides effective treatment to patient 12, the clinician may
implant a chronic stimulator within patient 12 for relatively long-term treatment.
[0070] FIG. 3 is a functional block diagram illustrating components of an example IMD 16. In the example shown in
FIG. 3, IMD 16 includes processor 40, memory 42, stimulation generator 44, sensing module 46, switch module 48,
telemetry module 50, and power source 52. Memory 42 may include any volatile or non-volatile media, such as a random
access memory (RAM), read only memory (ROM), non-volatile RAM (NVRAM), electrically erasable programmable
ROM (EEPROM), flash memory, and the like. Memory 42 may store computer-readable instructions that, when executed
by processor 40, cause IMD 16 to perform various functions.
[0071] In the example shown in FIG. 3, memory 42 stores therapy programs 54, sense electrode combinations and
associated stimulation electrode combinations 56, operating instructions 58, and algorithm 60 in separate memories
within memory 42 or separate areas within memory 42. In addition, in some examples, memory 42 may store a bioelectrical
brain signal sensed via at least some of the stored sense electrode combinations and/or one or more frequency band
characteristics of the bioelectrical brain signals. Each stored therapy program 52 defines a particular set of electrical
stimulation parameters, such as a stimulation electrode combination, electrode polarity, current or voltage amplitude,
pulse width, and pulse rate. In some examples, individual therapy programs may be stored as a therapy group, which
defines a set of therapy programs with which stimulation may be generated. The stimulation signals defined by the
therapy programs of the therapy group may be delivered together on an overlapping or nonoverlapping (e.g., time-
interleaved) basis.
[0072] Sense and stimulation electrode combinations 56 stores sense electrode combinations and associated stimu-
lation electrode combinations. As described above, in some examples, the sense and stimulation electrode combinations
may include the same subset of electrodes 24, 26, or may include different subsets of electrodes. Thus, memory 42 can
store a plurality of sense electrode combinations and, for each sense electrode combination, store information identifying
the stimulation electrode combination that is associated with the respective sense electrode combination. The associ-
ations between sense and stimulation electrode combinations can be determined, e.g., by a clinician or automatically
by processor 40. In some examples, corresponding sense and stimulation electrode combinations may comprise some
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or all of the same electrodes. In other examples, however, some or all of the electrodes in corresponding sense and
stimulation electrode combinations may be different. For example, a stimulation electrode combination may include more
electrodes than the corresponding sense electrode combination in order to increase the efficacy of the stimulation
therapy. In some examples, as discussed above, stimulation may be delivered via a stimulation electrode combination
to a tissue site that is different than the tissue site closest to the corresponding sense electrode combination but is within
the same region, e.g., the thalamus, of brain 28 in order to mitigate any irregular oscillations or other irregular brain
activity within the tissue site associated with the sense electrode combination.
[0073] Operating instructions 58 guide general operation of IMD 16 under control of processor 40, and may include
instructions for measuring the impedance of electrodes 24, 26 and/or determining the distance between electrodes 24,
26. Algorithm 60 includes instructions for an algorithm that processor 40 may execute in order to determine which
electrodes from a sense electrode combination are, for example, closest to a target tissue site for stimulation therapy
to manage a particular patient. As described in further detail below, in some cases, the target tissue site is a tissue site
within brain 28 that exhibits a high relative beta band power level based on bioelectrical signals measured by the sense
electrode combination. However, the specific frequency band that is revealing of the target tissue site can differ depending
on the anatomical region of brain 28 in which leads are implanted (e.g., the thalamus, anterior nucleus, and the like) or
based on the patient condition. Different frequency bands may be biomarkers for different patient conditions.
[0074] Stimulation generator 44, under the control of processor 40, generates stimulation signals for delivery to patient
12 via selected combinations of electrodes 24, 26. An example range of electrical stimulation parameters believed to
be effective in DBS to manage a movement disorder of patient include:

1. Frequency: between approximately 100 Hz and approximately 500 Hz, such as approximately 130 Hz.
2. Voltage Amplitude: between approximately 0.1 volts and approximately 50 volts, such as between approximately
0.5 volts and approximately 20 volts, or approximately 5 volts.
3. Current Amplitude: A current amplitude may be defined as the biological load in which the voltage is delivered.
In a current-controlled system, the current amplitude, assuming a lower level impedance of approximately 500 ohms,
may be between approximately 0.2 milliAmps to approximately 100 milliAmps, such as between approximately 1
milliAmps and approximately 40 milliAmps, or approximately 10 milliAmps. However, in some examples, the imped-
ance may range between about 200 ohms and about 2 kiloohms.
4. Pulse Width: between approximately 10 microseconds and approximately 5000 microseconds, such as between
approximately 100 microseconds and approximately 1000 microseconds, or between approximately 180 microsec-
onds and approximately 450 microseconds.

[0075] Accordingly, in some examples, stimulation generator 44 generates electrical stimulation signals in accordance
with the electrical stimulation parameters noted above. Other ranges of therapy parameter values may also be useful,
and may depend on the target stimulation site within patient 12. While stimulation pulses are described, stimulation
signals may be of any form, such as continuous-time signals (e.g., sine waves) or the like.
[0076] In each of the examples described herein, if stimulation generator 44 shifts the delivery of stimulation energy
between two therapy programs, processor 40 of IMD 16 may provide instructions that cause stimulation generator 44
to time-interleave stimulation energy between the electrode combinations of the two therapy programs, as described in
commonly-assigned U.S. Patent No. 7,519,431, issued April 14, 2009, by Steven Goetz et al., entitled, "SHIFTING
BETWEEN ELECTRODE COMBINATIONS IN ELECTRICAL STIMULATION DEVICE." In the time-interleave shifting
example, the amplitudes of the electrode combinations of the first and second therapy program are ramped downward
and upward, respectively, in incremental steps until the amplitude of the second electrode combination reaches a target
amplitude. The incremental steps may be different between ramping downward or ramping upward. The incremental
steps in amplitude can be of a fixed size or may vary, e.g., according to an exponential, logarithmic or other algorithmic
change. When the second electrode combination reaches its target amplitude, or possibly before, the first electrode
combination can be shut off. Other techniques for shifting the delivery of stimulation signals between two therapy programs
may be used, in other examples.
[0077] Processor 40 may include any one or more of a microprocessor, a controller, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field-programmable gate array (FPGA), discrete logic circuitry, and
the functions attributed to processor 40 herein may be embodied as firmware, hardware, software or any combination
thereof. Processor 40 controls stimulation generator 44 according to therapy programs 54 stored in memory 42 to apply
particular stimulation parameter values specified by one or more of programs, such as amplitude, pulse width, and pulse
rate.
[0078] In the example shown in FIG. 3, the set of electrodes 24 includes electrodes 24A, 24B, 24C, and 24D, and the
set of electrodes 26 includes electrodes 26A, 26B, 26C, and 26D. Processor 40 also controls switch module 48 to apply
the stimulation signals generated by stimulation generator 44 to selected combinations of electrodes 24, 26. In particular,
switch module 48 may couple stimulation signals to selected conductors within leads 20, which, in turn, deliver the
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stimulation signals across selected electrodes 24, 26. Switch module 46 may be a switch array, switch matrix, multiplexer,
or any other type of switching module configured to selectively couple stimulation energy to selected electrodes 24, 26
and to selectively sense bioelectrical brain signals with selected electrodes 24, 26. Hence, stimulation generator 44 is
coupled to electrodes 24, 26 via switch module 46 and conductors within leads 20. In some examples, however, IMD
16 does not include switch module 46.
[0079] Stimulation generator 44 may be a single channel or multi-channel stimulation generator. In particular, stimu-
lation generator 44 may be capable of delivering a single stimulation pulse, multiple stimulation pulses, or a continuous
signal at a given time via a single electrode combination or multiple stimulation pulses at a given time via multiple
electrode combinations. In some examples, however, stimulation generator 44 and switch module 48 may be configured
to deliver multiple channels on a time-interleaved basis. For example, switch module 48 may serve to time divide the
output of stimulation generator 44 across different electrode combinations at different times to deliver multiple programs
or channels of stimulation energy to patient 12.
[0080] In some examples, processor 40 may dynamically change the selected combinations of electrodes 24, 26, i.e.,
the stimulation electrode combination, based on one or more frequency domain characteristics of bioelectrical signals
sensed within brain 28. Sensing module 46, under the control of processor 40, may sense bioelectrical brain signals
and provide the sensed bioelectrical brain signals to processor 40. Processor 40 may control switch module 48 to couple
sensing module 46 to a selected combinations of electrodes 24, 26, i.e., a sense electrode combination. In this way,
IMD 16 is configured such that sensing module 46 may sense bioelectrical brain signals with a plurality of different sense
electrode combinations. Switch module 48 may be electrically coupled to the selected electrodes 24, 26 via the conductors
within the respective leads 20, which, in turn, deliver the bioelectrical brain signal sensed across the selected electrodes
24, 26 to sensing module 46. The bioelectrical brain signal may include electrical signals that are indicative of electrical
activity within brain 28 of patient 12.
[0081] Although sensing module 46 is incorporated into a common housing with stimulation generator 44 and processor
40 in FIG. 3, in other examples, sensing module 46 may be in a separate housing from IMD 16 and may communicate
with processor 40 via wired or wireless communication techniques. Example bioelectrical brain signals include, but are
not limited to, a signal generated from local field potentials within one or more regions of brain 28. EEG and ECoG
signals are examples of local field potentials that may be measured within brain 28. However, local field potentials may
include a broader genus of electrical signals within brain 28 of patient 12.
[0082] Processor 40 may analyze a plurality of bioelectrical brain signals, e.g., by determining relative values of signal
characteristics (e.g., potentials or frequency domain characteristics) of the biosignal, to evaluate different stimulation
electrode combinations. As previously indicated, a stimulation electrode combination may be associated with a sense
electrode combination in memory 42. Processor 40 may evaluate different stimulation electrode combinations by, at
least in part, sensing bioclcctrical brain signals with one or more of the sense electrode combinations associated with
a respective one of the stimulation electrode combinations and analyzing a frequency domain characteristic of the sensed
bioelectrical brain signals. For example, processor 40 may determine a relative value of the frequency domain charac-
teristic, e.g., relative beta band power level, based on bioelectrical signals sensed by two sense electrodes, may compare
the relative values of a plurality of sense electrode combinations, and may determine the sense electrode or electrodes
that are located closest to the target tissue site based on the relative values.
[0083] A frequency domain characteristic of the biosignal may include, for example, a power level (or energy) within
one or more frequency bands of the biosignal, a ratio of the power level in two or more frequency bands, a correlation
in change of power between two or more frequency bands, a pattern in the power level of one or more frequency bands
over time, and the like. In some examples, processor 40 may adjust a previously selected stimulation electrode combi-
nation (e.g., by changing a polarity of an electrode of the combination or by adding or removing an electrode from the
combination) or otherwise select a stimulation electrode combination by selecting a stimulation electrode combination
that is associated with one or more sense electrodes that are closest to a target tissue site, as indicated by a bioelectrical
signal comprising the highest relative beta band power level compared to the other sensed bioelectrical brain signals.
In other examples, processor 40 may select a stimulation electrode combination that is associated with the sense
electrode combination that is closest to a target tissue site, as indicated by a bioelectrical brain signal comprising a
power level in a particular frequency band above a threshold value, which may be stored in memory 42.
[0084] In some examples, processor 40 implements algorithm 60 stored by memory 42 in order to determine which
individual sense electrodes are located closest to a target tissue site, e.g., a region of brain 28 that exhibits a bioelectrical
signal with the highest relative beta band power level. Processor 40 may then select a stimulation electrode combination
based on determining which sense electrodes are located closest to the target tissue site in order to provide the most
effective therapy to brain 28. For example, processor 40 may select a stimulation electrode combination in order to
provide stimulation therapy In some examples, algorithm 60 includes instructions that cause processor 40 to evaluate
the relative beta band power levels for a plurality of bioelectrical signals measured by a plurality of sense electrode
combinations and determine which sense electrode combination is closest to the target tissue site with the highest
relative beta band power level. Processor 40 implements algorithm 60 to determine the individual sense electrode within
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the sense electrode combination that is closest to the target tissue site with the highest relative beta band power level.
[0085] Telemetry module 50 supports wireless communication between IMD 16 and an external programmer 14 or
another computing device under the control of processor 40. Processor 40 of IMD 16 may receive, as updates to
programs, values for various stimulation parameters such as amplitude and electrode combination, from programmer
14 via telemetry module 50. The updates to the therapy programs may be stored within therapy programs 54 portion of
memory 42. Telemetry module 50 in IMD 16, as well as telemetry modules in other devices and systems described
herein, such as programmer 14, may accomplish communication by radiofrequency (RF) communication techniques.
In addition, telemetry module 50 may communicate with external medical device programmer 14 via proximal inductive
interaction of IMD 16 with programmer 14. Accordingly, telemetry module 50 may send Information to external program-
mer 14 on a continuous basis, at periodic intervals, or upon request from IMD 16 or programmer 14.
[0086] Power source 52 delivers operating power to various components of IMD 16. Power source 52 may include a
small rechargeable or non-rechargeable battery and a power generation circuit to produce the operating power. Re-
charging may be accomplished through proximal inductive interaction between an external charger and an inductive
charging coil within IMD 16. In some examples, power requirements may be small enough to allow IMD 16 to utilize
patient motion and implement a kinetic energy-scavenging device to trickle charge a rechargeable battery. In other
examples, traditional batteries may be used for a limited period of time.
[0087] Throughout the disclosure, a group of electrodes may refer to any electrodes located at the same position along
the longitudinal axis of one or more leads. A group of electrodes may include one or more electrodes.
[0088] FIGS. 4A and 4B illustrate an example lead 62 and groups of electrodes 64 that may be used with IMD 16
instead of or in addition to one or both leads 20A, 20B including respective sets of electrodes 24, 26. FIG. 4A shows a
two-dimensional side view in the x-y plane of lead 62, which includes four groups of electrodes 66, 68, 70, and 72. FIG.
4B shows a cross-sectional view in the y-z plane of cach of the four groups of electrodes. Groups of electrodes 66 and
72 each comprise one ring electrode, which may be similar to each of electrodes 24, 26 shown in FIG. 3. In contrast,
groups of electrodes 68 and 70 each comprise three segmented electrodes 68A-68C and 70A-70C distributed around
the outer perimeter of lead 62. In other examples, lead 62 may comprise any number and combination of groups of ring
electrodes or segmented electrodes. For example, lead 62 may comprise only groups of segmented electrodes. As
another example, groups 68, 70 of electrodes may comprise more than three segmented (or partial ring) electrodes or
one or two segmented or partial ring electrodes.
[0089] FIG. 5 is a conceptual block diagram of an example external medical device programmer 14, which includes
processor 74, memory 76, telemetry module 78, user interface 80, and power source 82. Processor 74 controls user
interface 80 and telemetry module 78, and stores and retrieves information and instructions to and from memory 76.
Programmer 14 may be configured for use as a clinician programmer or a patient programmer. Processor 74 may
comprise any combination of one or more processors including one or more microprocessors, DSPs, ASICs, FPGAs,
or other equivalent integrated or discrete logic circuitry. Accordingly, processor 74 may include any suitable structure,
whether in hardware, software, firmware, or any combination thereof, to perform the functions ascribed herein to processor
74.
[0090] A user, such as a clinician or patient 12, may interact with programmer 14 through user interface 80. User
interface 80 includes a display (not shown), such as a LCD or LED display or other type of screen, to present information
related to the therapy, such as information related to bioelectrical signals sensed via a plurality of sense electrode
combinations. In addition, user interface 80 may include an input mechanism to receive input from the user. The input
mechanisms may include, for example, buttons, a keypad (e.g., an alphanumeric keypad), a peripheral pointing device
or another input mechanism that allows the user to navigate though user interfaces presented by processor 74 of
programmer 14 and provide input.
[0091] If programmer 14 includes buttons and a keypad, the buttons may be dedicated to performing a certain function,
i.e., a power button, or the buttons and the keypad may be soft keys that change in function depending upon the section
of the user interface currently viewed by the user. Alternatively, the screen (not shown) of programmer 14 may be a
touch screen that allows the user to provide input directly to the user interface shown on the display. The user may use
a stylus or a finger to provide input to the display. In other examples, user interface 80 also includes audio circuitry for
providing audible instructions or sounds to patient 12 and/or receiving voice commands from patient 12, which may be
useful if patient 12 has limited motor functions. Patient 12, a clinician or another user may also interact with programmer
14 to manually select therapy programs, generate new therapy programs, modify therapy programs through individual
or global adjustments, and transmit the new programs to IMD 16.
[0092] In some examples, at least some of the control of therapy delivery by IMD 16 may be implemented by processor
74 of programmer 14. For example, in some examples, processor 74 may receive a bioelectrical brain signal from IMD
16 or from a sensing module that is separate from IMD 16. The separate sensing module may, but need not be, implanted
within patient 12. In some examples, processor 74 may select one or more stimulation electrode combinations based
on the differences in amplitude of a frequency domain characteristic of bioelectrical brain signals sensed with different
sense electrode combinations associated with at least one or the stimulation electrode combinations. Processor 74 may
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select a stimulation electrode combination for IMD 16 based on the analysis of the frequency domain characteristics of
the sensed bioelectrical brain signals, e.g., by implementing an algorithm similar or identical to that implemented by IMD
16 and stored by memory 42 of IMD 16. Example algorithms are described below with respect to FIGS. 7A, 7B, 9A-9C,
10, 14, and 21. In some cases, e.g., after determining another stimulation electrode combination is desirable based on
a comparison of the frequency domain characteristics of a plurality of bioelectrical brain signals sensed by a respective
electrode combination, processor 74 may transmit a signal to IMD 16 to instruct IMD 16 to switch stimulation electrode
combinations.
[0093] Processor 40 of IMD 16 may receive the signal from programmer 14 via its respective telemetry module 50
(FIG. 3). Processor 40 of IMD 16 may switch stimulation electrode combinations by selecting a stored therapy program
from memory 42 based on the signal from processor 74 of programmer 14. Alternatively, processor 74 of programmer
14 may select a therapy program or a specific stimulation electrode combination and transmit a signal to IMD 16, where
the signal indicates the therapy parameter values to be implemented by IMD 16 to help improve the efficacy of the
stimulation to manage the patient’s movement disorder. The indication may be, for example, an alphanumeric identifier
or symbol that is associated with the therapy program in memory 42 of IMD 16.
[0094] Memory 76 may include instructions for operating user interface 80 and telemetry module 78, and for managing
power source 82. Memory 76 may also store any therapy data retrieved from IMD 16 during the course or therapy. The
clinician may use this therapy data to determine the progression of the patient condition in order to predict future treatment.
Memory 76 may include any volatile or nonvolatile memory, such as RAM, ROM, EEPROM or flash memory. Memory
76 may also include a removable memory portion that may be used to provide memory updates or increases in memory
capacities. A removable memory may also allow sensitive patient data to be removed before programmer 14 is used by
a different patient.
[0095] Wireless telemetry in programmer 14 may be accomplished by RF communication or proximal inductive inter-
action of external programmer 14 with IMD 16. This wireless communication is possible through the use of telemetry
module 78. Accordingly, telemetry module 78 may be similar to the telemetry module contained within IMD 16. In
alternative examples, programmer 14 may be capable of infrared communication or direct communication through a
wired connection. In this manner, other external devices may be capable of communicating with programmer 14 without
needing to establish a secure wireless connection.
[0096] Power source 82 delivers operating power to the components of programmer 14. Power source 82 may include
a battery and a power generation circuit to produce the operating power. In some examples, the battery may be re-
chargeable to allow extended operation. Recharging may be accomplished by electrically coupling power source 82 to
a cradle or plug that is connected to an alternating current (AC) outlet. In addition, recharging may be accomplished
through proximal inductive interaction between an external charger and an inductive charging coil within programmer
14. In other examples, traditional batteries (e.g., nickel cadmium or lithium ion batteries) may be used. In addition,
programmer 14 may be directly coupled to an alternating current outlet to operate. Power source 82 may include circuitry
to monitor power remaining within a battery. In this manner, user interface 80 may provide a current battery level indicator
or low battery level indicator when the battery needs to be replaced or recharged. In some cases, power source 82 may
be capable of estimating the remaining time of operation using the current battery.
[0097] FIG. 6 is a flow diagram of an example technique that processor 40 of IMD 16, processor 74 of programmer
14, or another computing device can implement to identify a frequency band of interest. Processor 40 can utilize the
frequency band of interest as a signal characteristic with which to compare bioelectrical brain signals and select a
stimulation electrode combination, as described in further detail below. Processor 40 is referred to throughout the de-
scription of FIG. 6, as well as FIGS. 7A, 7B, 9A-9C, 10, 14, and 21. In other examples, processor 74 of programmer 14
or another computing device may implement the technique shown in FIGS. 6, 7A, 7B, 9A-9C, 10, 14, and 21.
[0098] In the example shown in FIG. 6, processor 40 generates a spectrogram (e.g., as shown in FIG. 2) of a bioelectrical
brain signal of patient 12 during a first time period in which patient 12 is in a pathological state, e.g., is not receiving any
therapy to manage the movement disorder or other patient condition (84). Processor 40 generates a spectrogram during
a second time period in which patient 12 is receiving therapy to manage the movement disorder or other patient condition
(86). Processor 40 determines a frequency band of interest that indicates a biomarker for the patient’s condition based
on the spectrograms (88). In some examples, processor 40 may determine which frequency bands exhibited a relatively
large and/or discernable change between the first and second time periods. For example, in the spectrogram shown in
FIG. 2, the beta band activity decreased after the human subject began receiving a pharmaceutical agent to manage a
movement disorder, as indicated by time period 38.
[0099] Processor 40 may utilize the frequency band of interest in order to select a sense electrode or electrode
combination that is closest to a target tissue site in accordance with the techniques described herein. Additionally,
processor 40 may select a stimulation electrode combination based on the frequency band of interest. In some examples,
processor 40 may sense bioelectrical brain signals within brain 28 of patient 12 with each sense electrode combination
of a plurality of stored sense electrode combinations. Processor 40 may select a stimulation electrode combination based
on the sense electrode combination associated with one or more sensed bioelectrical brain signals having the greatest
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relative power level in the frequency band of interest. In other examples, processor 40 may select a stimulation electrode
combination based on the sense electrode combination associated with a sensed bioelectrical brain signal having a
lowest relative power level in the frequency band of interest. In some examples, the different sense electrode combinations
and associated beta band power levels may be presented to a user, such as a clinician, via a display of a device, such
as programmer 14.
[0100] FIGS. 7A and 7B are flow diagrams of example techniques for selecting sense electrode combinations that are
closest to a target tissue site. The target tissue site may be the tissue site within brain 28 of patient 12 that exhibits a
bioelectrical signal with the highest relative power level in a particular frequency band or that exhibits another predeter-
mined frequency domain characteristic (e.g., a lowest relative power level). As discussed above, with respect to movement
disorders, a high relative beta band power level may be associated with abnormal oscillations or activity within brain 28.
Selection of sense electrode combinations that are closest to the target tissue site may facilitate selection of stimulation
electrode combinations that are most effective in providing stimulation therapy to patient 12.
[0101] Processor 40 controls sensing module 46 of IMD 16 to sense bioelectrical signals in the brain of patient 12 with
a plurality of sense electrode combinations including one or more electrodes from electrodes 24, 26. In some examples,
processor 40 controls sensing module 46 to sense bioelectrical signals with unipolar electrode configurations, in which
sensing module 46 senses a bioelectrical signal between each of one or more individual electrodes 24, 26 and the
housing of IMD 16 (e.g., a housing electrode coupled to or defined by an outer housing of IMD 16) or another reference.
While sensing in a unipolar configuration may be useful for sensing bioelectrical brain signals, sensing between an
electrode of one of the leads 20A, 20B and a housing of IMD 16 or another reference may introduce noise into the
sensed brain signal and, in some cases, distort the sensed bioelectrical brain signal. For example, unipolar sensing of
bioelectrical signals in brain 28 of patient 12 may result in the sensing of a relatively high amount of electrical cardiac
activity of patient 12 or other electrical activity of patient 12 or external to patient 12 compared to bipolar sensing between
electrodes 24, 26 of leads 20. Therefore, in other examples, processor 40 controls sensing module 46 to sense bioe-
lectrical signals with bipolar electrode configurations, in which sensing module 46 senses a bioelectrical signal between
pairs of electrodes 24, 26, e.g., between electrodes 24A and 24B, between electrodes 24A and 24D, etc. Unipolar and
bipolar sensing configurations may also be used with other electrode configurations, such as the configuration defined
by electrodes 66, 68, 70, and 72 of lead 62 (FIGS. 4A and 4B).
[0102] FIG. 7A is a flow diagram illustrating a general technique for selecting a group of sense electrodes when using
a unipolar sensing configuration. As an example, processor 40 can control sensing module 46 (FIG. 3) of IMD 16 to
sense bioelectrical signals with each of electrodes 24 in a unipolar configuration. For example, processor 40 may control
sensing module 46 to sense a first bioelectrical signal between electrode 24A and the housing of IMD 16 (e.g., an
electrically conductive outer housing of IMD 16 or an electrode coupled to a conductive or nonconductive outer housing),
a second bioelectrical signal between electrode 24B and the housing of IMD 16, a third bioelectrical signal between
electrode 24C and the housing of IMD 16, and a fourth bioelectrical signal between electrode 24D and the housing of
IMD 16.
[0103] Processor 40 determines the relative beta band power level for each of the first, second, third, and fourth
bioelectrical signals (90). Processor 40 selects the one or more sense electrodes that sensed the bioelectrical signal
with the highest relative beta band power as the sense electrode closest to the target tissue site (92). In some examples,
processor 40 selects a stimulation electrode combination or a therapy program based on selecting the sense electrodes
closest to the target tissue site. In some examples, the stimulation electrode combination may comprise some or all of
the sense electrodes closest to the target tissue site. In other examples, the stimulation electrode combination may
comprise different electrodes than the sense electrodes closest to the target tissue site.
[0104] FIG. 7B is a flow diagram illustrating an example technique for selecting a group of sense electrodes based
on relative values of relative power levels in a selected frequency band in order to simulate a bipolar sensing configuration.
In an example of the technique shown in FIG. 7B, processor 40 controls sensing module 46 of IMD 16 to sense bioelectrical
signals with each of the electrodes 24 in a unipolar configuration. For example, processor 40 may control sensing module
46 to sense a first bioelectrical signal with electrode 24A and a reference (e.g., a housing electrode), a second bioelectrical
signal with electrode 24B and a reference, a third bioelectrical signal with electrode 24C and a reference, and a fourth
bioelectrical signal with electrode 24D and a reference.
[0105] After sensing the bioelectrical brain signals with electrodes 24, processor 40 determines the relative value of
the relative beta band power level for each combination of the first, second, third, and fourth bioelectrical signals (94).
For example, processor 40 determines a first relative value by determining the absolute difference in the relative beta
band power levels of the first and second bioelectrical signals, a second relative value by determining the absolute
difference in the relative beta band power levels of the first and third bioelectrical signals, a third relative value by
determining the absolute difference in the relative beta band power levels of the first and fourth bioelectrical signals, a
fourth relative value by determining the absolute difference in the relative beta band power levels of the second and
third bioelectrical signals, a fifth relative value by determining the absolute differences in the relative beta band power
levels of the second and fourth bioelectrical signals, and a sixth relative value by determining the absolute difference in
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the relative beta band power levels of the third and fourth bioelectrical signals.
[0106] Each of the determined relative values indicates the difference in relative beta band power levels for signals
sensed by respective electrodes. Therefore, the relative value indicates the relative beta band power level of a bioelectrical
signal that is sensed between the electrodes associated with the sensed bioelectrical brain signals, i.e., in a bipolar
electrode configuration. For example, a relative value determined based on the first and second bioelectrical signals
indicates (e.g., is substantially equal to) the relative beta band power level of a bioelectrical signal that is sensed between
electrodes 24A, 24B. As a result, the technique for determining the relative values of the relative beta band power level
of bioelectrical brain signals sensed via different electrodes can be used as a surrogate for bipolar sensing and determining
a beta band power level of a bioelectrical signal sensed via the bipolar sensing configuration. In each example described
herein that utilizes a relative value of the relative beta band power levels of bioelectrical brain signals sensed in a unipolar
configuration, the relative beta band power level of a bioelectrical signal that is sensed between electrodes in a multipolar
(e.g., bipolar) configuration can be substituted to arrive at the same stimulation electrode combination selection.
[0107] After determining the relative value of the relative beta band power level for each combination of the first,
second, third, and fourth bioelectrical signals (94), processor 40 accesses and execute algorithm 60 in order to select
the one or more sense electrodes closest to the target tissue site based on the relative values for the relative beta band
power levels (96). In some examples, processor 40 selects a stimulation electrode combination or a therapy program
based on the pair of sense electrodes determined to be closest to the target tissue site. In some examples, the stimulation
electrode combination may comprise some or all of the sense electrodes closest to the target tissue site. In other
examples, the stimulation electrode combination may comprise different electrodes than the sense electrodes closest
to the target tissue site.
[0108] The systems and techniques described herein for selecting one or more sense electrodes that are closest to
a target tissue site may be applicable to medical leads with any number and configuration of electrodes. FIG. 8 illustrates
an example lead 100 with a number n of electrodes between the most distal electrode 102 of lead 100, numbered 0, to
the most proximal electrode 104 of lead 100, numbered n-1. With respect to the flow diagrams in FIGS. 9A-9C, combi-
nations of sense electrodes will be identified using the electrode numbering system illustrated in FIG. 8 that includes
electrodes numbered 0 through n-1. For example, the electrode combination of the most distal pair of electrodes on lead
100 will be referred to as E10, the electrode combination between the second most distal pair of electrodes on lead 100
will be referred to as E21, the electrode combination between the most distal and the most proximal electrodes on lead
100 will be referred to as E(n-1)0, and so forth.
[0109] FIGS. 9A, 9B, and 9C illustrate an example technique for selecting one or more sense electrodes of lead 100
(FIG. 8) that are closest to a target tissue site within brain 28. As previously described, the target tissue site can be, for
example, the tissue site exhibiting a relatively high beta band energy or the tissue site within brain 28 that exhibits another
predetermined frequency band characteristic. The target tissue site can be, for example, the tissue site at which therapy
delivery (e.g., stimulation or drug delivery) provides efficacious therapy to patient 12 to mitigate symptoms of the patient
condition. Processor 40 of IMD 16 can implement algorithm 60 to execute each of the steps of algorithm 60. However,
in other examples, the techniques shown in FIGS. 9A-9C can be carried out by a different processor, such as processor 74.
[0110] The relative beta band power level may be a ratio of the power in a beta band of the sensed signal to the overall
power of the sensed signal, and may be used instead of the beta band power in order to normalize the bioelectrical
signals sensed by sense electrodes located in different regions of brain 28. The relative value of fhe relative beta band
power level between two electrodes (i.e., the electrodes of an electrode combination) may be defined as the magnitude
of the differences in amplitude between the relative beta band power levels sensed with cach of the two electrodes in
the electrode combination in a unipolar configuration. For example, the relative value of the relative beta band power
levels for electrode combination 24A-24B may be defined as the magnitude of the difference in the amplitude of the
relative beta band power level sensed by electrode 24A and a reference electrode and the amplitude of the relative beta
band power level sensed by electrode 24B and a reference electrode.
[0111] In general, the technique shown in FIGS. 9A-9C comprises determining if the target tissue site is closest to
either of the most distal or the most proximal electrodes, i.e., either of electrodes 0 or n-1, by determining whether the
relative value of the relative beta band power level between these two electrodes is the highest. If this relative value is
the highest, the target tissue site is closest to either the most distal or the most proximal electrode. If this relative value
is not the highest, the technique comprises determining if the target tissue site is closest to the electrodes in the middle
of the lead by determining whether the relative value of the relative beta band power level between the most distal and
the most proximal electrodes is the lowest. If this relative value is the lowest, the target tissue site is closest to the middle
electrode or electrodes. If this value is neither the highest nor the lowest, the technique comprises determining which
pair of adjacent electrodes sensed the highest relative value or the relative beta band power level and determining that
the target tissue site is closest to one of this pair of adjacent electrodes.
[0112] As shown in FIG. 9A, processor 40 determines the relative beta band power level for each bioelectrical signal
sensed by each adjacent electrode combination, i.e., E10, E21, E32, etc. and for the electrode combination comprising
the most proximal and the most distal electrodes, i.e., E(n-1)0 (110). Next, processor 40, while implementing algorithm
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60, determines whether electrode combination E(n-1)0 has the highest relative value (112). If processor 40 determines
that electrode combination E(n-1)0 has the highest relative value, processor 40 executes the portion of algorithm 60
referred to as "part A" for ease of description (114), which will be described with respect to FIG. 9B.
[0113] If, on the other hand, processor 40 determines that electrode combination E(n-1)0 does not have the highest
relative value, processor 40 determines whether electrode combination E(n-1)0 instead has the lowest relative value
(116). If processor 40 determines that electrode combination E(n-1)0 has the lowest relative value, processor 40 executes
the portion of algorithm 60 referred to as "part B" for ease of description, which will be described with respect to FIG.
9C (118).
[0114] If processor 40 determines that electrode combination E(n-1)0 has neither the highest nor the lowest relative
value, processor 40 determines which electrode combination has the highest relative value. The electrode combination
with the highest relative value is referred to as electrode combination Ei(i-1) (120). Next, processor 40 determines
whether the electrode combination proximal to the electrode combination with the highest relative value, i.e., electrode
combination E(i-1)(i-2), has a higher relative value than the electrode combination distal to the electrode combination
with the highest relative value, i.e., electrode combination E(i+1)i (122). If processor 40 determines that electrode com-
bination E(i-1)(i-2) has a higher relative value than electrode combination E(i+1)i, processor 40 selects the proximal
electrode, i.e., E(i-1), of the electrode combination with the highest relative value as the electrode closest to the target
tissue site (124). Processor 40 may select a stimulation electrode combination based on determining that E(i-1) is the
electrode closest to the target tissue site. In some examples, processor 40 selects a stimulation electrode combination
including electrode E(i-1) based on determining that E(i-1) is the electrode closest to the target tissue site.
[0115] If, on the other hand, processor 40 determines that electrode combination E(i-1)(i-2) does not have a higher
relative value than electrode combination E(i+1)i, processor 40 determines whether electrode combination E(i-1)(i-2)
has a relative value substantially equal to the relative value of electrode combination E(i+1)i (126). If processor 40
determines that electrode combination E(i-1)(i-2) has a relative value equal to the relative value of electrode combination
E(i+1)i, processor 40 determines that the target tissue site is located closest to the midpoint of electrodes Ei and E(i-1)
(128) and selects electrodes Ei and E(i-1) as the electrodes closest to the target tissue site (129). Processor 40 may
select a stimulation electrode combination based on determining that Ei and E(i-1) are the electrodes closest to the
target tissue site. In some examples, processor 40 selects a stimulation electrode combination including electrodes Ei
and E(i-1) based on determining that Ei and E(i-1) are the electrodes closest to the target tissue site.
[0116] If processor 40 determines that electrode combination E(i-1)(i-2) does not have a relative value equal to the
relative value of electrode combination E(i+1)i, processor 40 selects the distal electrode, i.e., electrode Ei, of the electrode
combination with the highest relative value as the electrode closest to the target tissue (130).
[0117] FIG. 9B, as mentioned above, illustrates part A of algorithm 60, which processor 40 implements upon determining
that electrode combination E(n-1)0 has the highest relative value (114). Processor 40 determines whether the most
distal pair of adjacent electrodes, i.e., electrode combination E10, has a higher relative value than the second most distal
pair of adjacent electrodes, i.e., electrode combination E21, and whether electrode combination E21 has a higher relative
value than the third most distal pair of adjacent electrodes, i.e., electrode combination E32, and whether electrode
combination E32 has a higher relative value than the fourth most distal pair of adjacent electrodes, i.e., electrode
combination E43, and so on until processor 40 determines whether electrode combination E(n-2)(n-3) has a higher
relative value than electrode combination E(n-1)(n-2) (132). If processor 40 determines that electrode combination E10
has a higher relative value than electrode combination E21 and that electrode combination E21 has a higher relative
value than electrode combination E32 and that electrode combination E32 has a higher relative value than electrode
combination E43 and so on until processor 40 determines that electrode combination E(n-2)(n-3) has a higher relative
value than electrode combination E(n-1)(n-2), processor 40 selects the most distal electrode E0 as the electrode closest
to the target tissue site (134).
[0118] If, on the other hand, processor 40 determines that these criteria are not met, processor 40 determines whether
the most distal pair of adjacent electrodes, i.e., electrode combination E10, has a lower relative value than the second
most distal pair of adjacent electrodes, i.e., electrode combination E21, and whether electrode combination E21 has a
lower relative value than the third most distal pair of adjacent electrodes, i.e., electrode combination E32, and whether
electrode combination E32 has a lower relative value than the fourth most distal pair of adjacent electrodes, i.e., electrode
combination E43, and so on until processor 40 determines whether electrode combination E(n-2)(n-3) has a lower relative
value than electrode combination E(n-1)(n-2) (136). If processor 40 determines that electrode combination E10 has a
lower relative value than electrode combination E21 and that electrode combination E21 has a lower relative value than
electrode combination E32 and that electrode combination E43 has a lower relative value than electrode combination
E32 and so on until processor 40 determines that electrode combination E(n-2)(n-3) has a lower relative value than
electrode combination E(n-1)(n-2), processor 40 selects the most proximal electrode E(n-1) as the electrode closest to
the target tissue site (138).
[0119] If processor 40 determines that these criteria are not met, processor 40 determines whether the most distal
pair of electrodes E10 has a lower relative value than the most proximal pair of electrodes E(n-1)(n-2) (140). If processor
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40 determines that electrode combination E10 has a lower relative value than electrode combination E(n-1)(n-2), proc-
essor 40 determines that the target tissue site is closest to the midpoint of the most distal electrode pair E10 (142) and
selects electrodes E1 and E0 as the electrodes closest to the target tissue site (143). If processor 40 determines that
electrode combination E10 does not have a lower relative value than electrode combination E(n-1)(n-2), processor 40
determines that electrode combination E10 has a higher relative value that electrode combination E(n-1)(n-2) (144) and
determines that the target tissue site is closest to the midpoint of the most proximal electrode pair E(n-1)(n-2 ) (146).
Processor 40 then selects electrodes E(n-1) and E(n-2) as being closest to the target tissue site (147).
[0120] FIG. 9C, as mentioned above, illustrates part B of algorithm 60, which processor 40 executes upon determines
that electrode combination E(n-1)0 has the lowest relative value (118) (FIG. (9A). Processor 40 determines whether
electrode combination E(n-1)0 has a relative value equal to zero. If processor 40 determines that electrode combination
E(n-1)0 has a relative value equal to zero, processor 40 determines whether the number of electrodes n is even (150).
If the number of electrodes n is even, processor 40 determines that the target tissue site is located closest to the midpoint
between the middle two electrodes E(n/2) and E((n/2)-1) (152). Processor 40 then selects E(n/2) and E((n/2)-1) as the
electrodes closest to the target tissue site (154). If processor 40 determines that the number of electrodes n is not even
(150), processor 40 determines that the middle electrode E((n-1)/2) is the electrode closest to the target tissue site (156).
[0121] If processor 40 determines that electrode combination E(n-1)0 does not have a relative value equal to 0 (148),
processor 40 determines whether the number of electrodes n of the lead is even (158). If processor 40 determines that
the number of electrodes n is even, processor 40 determines whether the middle electrode combination E(n/2)((n/2)-1)
has a higher relative value than the electrode combination comprising the proximal electrode of the middle electrode
pair and the electrode proximal to the proximal electrode of the middle electrode pair, electrode combination
E((n/2)+1)(n/2) (160). If processor 40 determines that electrode combination E(n/2)((n/2)-1) has a higher relative value
than electrode combination E((n/2)+1)(n/2), processor 40 determines that the electrode proximal to the proximal electrode
of the middle electrode pair E((n/2)+1) is the electrode closest to the target tissue site (162). If processor 40 determines
that electrode combination E(n/2)((n/2)-1) does not have a higher relative value than electrode combination
E((n/2)+1)(n/2), processor 40 determines that the distal middle electrode E((n/2)-1) is the electrode closest to the target
tissue site (164).
[0122] If processor 40 determines that the number of electrodes n is not even (158), processor 40 determines that the
number of electrodes n of the lead is odd (166). Processor 40 then determines if the electrode combination comprising
the middle electrode and the electrode adjacent and distal to the middle electrode, electrode combination E((n-1)/2)((n-
1)/2-1), has a higher relative value than the electrode combination comprising the middle electrode and the electrode
adjacent and proximal to the middle electrode, electrode combination E((n+1)/2)((n+1)/2)-1) (168). If processor 40 de-
termines that electrode combination E((n-1)/2)((n-1)/2-1) has a value higher than E((n+1)/2)((n+1)/2)-1), processor 40
selects the middle electrode E((n-1)/2-1) as the electrode closest to the target tissue site (170). If processor 40 determines
that electrode combination E((n-1)/2)((n-1)/2-1) does not have a higher relative value than electrode combination
E((n+1)/2)((n+1)/2)-1), processor 40 selects the electrode adjacent and proximal to the middle electrode E((n+1)/2) as
the electrode closest to the target tissue (172).
[0123] FIG. 10 is a flow diagram illustrating the general technique shown in FIGS.9A-9C for determining which one
or more sense electrodes are closest to a target tissue site as applied to a bipolar sensing technique with electrodes 24
of lead 20A (FIG. 3). As with FIGS. 9A-9C, algorithm 60 may comprise instructions that cause processor 40 of IMD 16
to carry out each of the steps of the algorithm 60. However, in other examples, the process may be carried out by a
different processor, such as processor 74 of programmer 14, with steps contained in a different algorithm.
[0124] Processor 40 determines the relative values of the relative beta band power level for each adjacent electrode
combination and for the electrode combination comprising the most proximal and most distal electrodes is recorded
(174). As described above, the relative beta band power level may be a ratio of the power in a beta band of the sensed
signal to the overall power of the sensed signal and the relative value of the relative beta band power level is defined
as the magnitude of the difference in amplitude between the relative beta band power levels sensed with each of two
electrodes in an electrode combination in a unipolar configuration. Throughout the description, the electrode combination
comprising electrodes 24A and 24B is referred to as 24A-24B, the electrode combination comprising electrodes 24B
and 24C is referred to as 24B-24C, the electrode combination comprising electrodes 24C and 24D is referred to as 24C-
24D, and the electrode combination comprising electrodes 24A and 24D is referred to as 24A-24D.
[0125] In accordance with the technique shown in FIG. 10, processor 40 determines whether electrode combination
24A-24D (i.e., the electrode combination comprising electrodes at each of the first and last positions along the longitudinal
axis of lead 20A) has the highest relative value of the relative beta band power level values of all the electrode combinations
(176). If electrode combination 24A-24D has the highest relative value, processor 40 determines whether electrode
combination 24C-24D (i.e., the electrode combination comprising the most distal pair of adjacent electrodes of lead 20A)
has a higher relative value than electrode combination 24B-24C and if electrode combination 24B-24C has a higher
relative value than electrode combination 24A-24B (i.e., the electrode combination comprising the most proximal pair
of adjacent electrodes of lead 20A) (178). If electrode combination 24C-24D has a higher relative value than electrode
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combination 24B-24C and electrode combination 24B-24C has a higher relative value than electrode combination 24A-
24B, processor 40 selects electrode 24D (i.e., the most distal electrode of lead 20A) as the sense electrode closest to
the target tissue site (180).
[0126] If, on the other hand, processor 40 determines that these criteria are not met, processor 40 determines whether
electrode combination 24C-24D has a lower relative value than electrode combination 24B-24C and electrode combi-
nation 24B-24C has a lower relative value than electrode combination 24A-24B (182). If electrode combination 24C-
24D has a lower relative value than electrode combination 24B-24C and electrode combination 24B-24C has a lower
relative value than electrode combination 24A-24B, processor 40 selects electrode 24A (i.e., the most proximal electrode
of lead 20A) as the sense electrode closest to the target tissue site (184). If, on the other hand, these criteria are not
met, processor 40 determines whether electrode combination 24C-24D has a lower relative value than electrode com-
bination 24A-24B (186). If electrode combination 24C-24D has a lower relative value than electrode combination 24A-
24B, processor 40 determines that the target tissue site is closest to the midpoint between electrodes 24C and 24D on
lead 20A, and selects electrodes 24C and 24D as being closest to the target tissue site (188).
[0127] If electrode combination 24C-24D does not have a lower relative value than electrode combination 24A-24B,
processor 40 determines that electrode combination 24C-24D has a higher relative value than electrode combination
24A-24B (190). Processor 40 determines that the target tissue site is located closest to the midpoint between electrodes
24A and 24B on lead 20A and selects electrodes 24A and 24B as the sense electrodes closest to the target tissue site
(192).
[0128] If processor 40 determines that electrode combination 24A-24D does not have the highest relative value (176),
processor 40 determines whether electrode combination 24A-24D has the lowest relative value (194). If processor 40
determines that electrode combination 24A-24D has the lowest relative value, processor 40 then determines whether
electrode combination 24A-24D has a relative, value equal to zero (196). If electrode combination 24A-24D has a value
equal to zero, processor 40 determines that the target tissue site is located closest to the midpoint between electrodes
24A and 24D of lead 20A, which is also the midpoint between electrodes 24B and 24C of lead 20A, and selects electrodes
24B and 24C as the sense electrodes closest to the target tissue site (198).
[0129] If processor 40 determines that electrode combination 24A-24D has a relative value that is not equal to zero,
processor 40 determines whether electrode combination 24B-24C has a higher relative value than electrode combination
24A-24B (200). If electrode combination 24B-24C has a higher relative value than electrode combination 24A-24B,
processor 40 selects electrode 24C as the sense electrode closest to the target tissue site (202). If electrode combination
24B-24C does not have a higher relative value than electrode combination 24A-24B, processor 40 determines that
electrode combination 24B-24C has a lower relative value than electrode combination 24A-24B (204) and selects elec-
trode 24B as the sense electrode closest to the target tissue site (206).
[0130] If processor 40 determines that electrode combination 24A-24D does not have the highest relative value or the
lowest relative value (194), processor 40 determines that electrode combination 24B-24C has the highest relative value
(208). Processor 40 then determines whether electrode combination 24C-24D has a higher relative value than electrode
combination 24A-24B (210). If processor 40 determines that electrode combination 24C-24D has a higher relative value
than electrode combination 24A-24B, processor 40 selects electrode 24C as the sense electrode closest to the target
tissue site (212). If processor 40 determines that electrode combination 24C-24D does not have a higher relative value
than electrode combination 24A-24B (210), processor 40 selects electrode 24B as the sense electrode closest to the
target tissue site (214).
[0131] FIGS. 11A-11H, 12A-12E, and 13A-13B are graphs illustrating relative values of relative beta band power levels
of each electrode combination of lead 20A (including electrodes 24A-24D) for each of a plurality of scenarios in which
the target tissue site is located closest to different electrodes. The graphs were generated using Microsoft Office Excel,
made commercially available by Microsoft Corporation of Redmond, Washington. The target tissue site was modeled
as a point source and the extracellular electrical potentials sensed by cach of the sense electrodes were determined
using the following equation: 

where Ve is the extracellular potential, Isrc (Isource) is the magnitude of the modeled point source, σ is the conductivity
of the extracellular medium tissue and r is the distance between the point source and the recording site. In this case, σ
was modeled as 0.23 Siemens per meter and r was modeled as 1 millimeter from a longitudinal axis of a lead on which
the electrodes are positioned. The electrical potentials (e.g., which can be representative of bioelectrical brain signals)
were sensed at four locations along a linear lead. Three millimeter spacing between each location was used to model
the spacing between electrodes on one type of commonly-used linear lead, which includes multiple electrodes with three
millimeter spacing between each. In other examples, electrodes may have different spacing, e.g., two millimeters.
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[0132] FIG. 11A-11H represent scenarios in which electrode combination 24A-24D has the greatest relative value of
the relative beta band power level, which correspond to the technique associated with blocks 178-192 in FIG. 10. FIGS.
11A-11H each illustrate the relative values of the relative beta band power level for a plurality of electrode combinations,
whereby the relative value of the relative beta band power level indicates the absolute difference in a beta band power
level of a first bioelectrical brain signal sensed with a first electrode in a unipolar configuration and a beta band power
level of a second bioelectrical brain signal sensed with a second electrode 24D in a unipolar configuration. For example,
FIG. 11A illustrates a scenario in which electrode combination 24A-24B has a relative value 216 of approximately 12.9243
milliVolts (mV), electrode combination 24B-24C has a relative value 218 of approximately 29.3284 mV, electrode com-
bination 24C-24D has a relative value 220 of approximately 116.865 mV, and electrode combination 24A-24D has a
relative value 222 of approximately 159.117 mV. Because relative value 220 is greater than relative value 218 and
relative value 218 is greater than relative value 216, processor 40, when implementing algorithm 60, determines that
the target tissue site is closest to electrode 24D compared to electrodes 24A-24C, as shown in steps 178 and 180 of
FIG. 10.
[0133] FIG. 11B illustrates a scenario in which electrode combination 24A-24B has a relative value 224 of approximately
18.6721 milliVolts (mV), electrode combination 24B-24C has a relative value 226 of approximately 52.5311 mV, electrode
combination 24C-24D has a relative value 228 of approximately 236.578 mV, and electrode combination 24A-24D has
a relative value 230 of approximately 307.781 mV. Because relative value 228 is greater than relative value 226 and
relative value 226 is greater than relative value 224, processor 40, when implementing algorithm 60, determines that
the target tissue site is closest to electrode 24D, as shown in steps 178 and 180 of FIG. 10.
[0134] FIG. 11C illustrates a scenario in which electrode combination 24A-24B has a relative value 232 of approximately
23.1054 milliVolts (mV), electrode combination 24B-24C has a relative value 234 of approximately 75.7807 mV, electrode
combination 24C-24D has a relative value 236 of approximately 136.272 mV, and electrode combination 24A-24D has
a relative value 238 of approximately 235.158 mV. Because relative value 236 is greater than relative value 234 and
relative value 234 is greater than relative value 232, processor 40, when implementing algorithm 60, determines that
the target tissue site is closest to electrode 24D, as shown in steps 178 and 180 of FIG. 10. More specifically, the target
tissue site is between electrode 24D and the midpoint of electrodes 24C and 24D.
[0135] FIG. 11D illustrates a scenario in which electrode combination 24A-24B has a relative value 240 of approximately
29.3284 millivolts (mV), electrode combination 24B-24C has a relative value 242 of approximately 116.865 mV, electrode
combination 24C-24D has a relative value 244 of 0 mV, and electrode combination 24A-24D has a relative value 246
of approximately 146.193 mV. In this scenario, relative value 244 is not greater than relative value 242, so the criteria
associated with block 178 of the technique shown in FIG. 10 are not met. Also, relative value 242 is not less than relative
value 240, so the criteria associated with block 182 of the technique shown in FIG. 10 are not met. However, because
relative value 244 is less than relative value 240, processor 40 selects electrodes 24C and 24D as closest to the target
tissue site in step 188. Specifically, the target tissue site is closest to the midpoint between electrodes 24C and 24D.
[0136] FIG. 11E illustrates a scenario in which electrode combination 24A-24B has a relative value 248 of 0 milliVolts
(mV), electrode combination 24B-24C has a relative value 250 of approximately 116.865 mV, electrode combination
24C-24D has a relative value 252 of approximately 29.3284 mV, and electrode combination 24A-24D has a relative
value 254 of approximately 146.193 mV. In this scenario, relative value 252 is not greater than relative value 250, so
the criteria associated with block step 178 of the technique shown in FIG. 10 are not met. Also, relative value 250 is not
less than relative value 248, so the criteria associated with block 182 of the technique shown in FIG. 10 are not met.
Additionally, relative value 252 is not less than relative value 248, so the criteria of step 186 are not met. However,
relative value 252 is greater than relative value 248 and processor 40 selects electrodes 24A and 24B as closest to the
target tissue site in step 188. Specifically, processor 40 determines that, based on algorithm 60, the target tissue site
(e.g., associated with high beta band activity) is closest to the midpoint between electrodes 24A and 24B.
[0137] FIG. 11F illustrates a scenario in which electrode combination 24A-24B has a relative value 256 of approximately
136.272 milliVolts (mV), electrode combination 24B-24C has a relative value 258 of approximately 75.7807 mV, electrode
combination 24C-24D has a relative value 260 of approximately 23.1054 mV, and electrode combination 24A-24D has
a relative value 262 of approximately 235.158 mV. In this scenario, relative value 260 is not greater than relative value
258, so the criteria associated with block 178 of the technique shown in FIG. 10 are not met. However, relative value
260 is less than relative value 258 and relative value 258 is less than relative value 256, so the criteria associated with
block 182 of the technique shown in FIG. 10 are met and processor 40 selects electrode 24A as closest to the target
tissue site. Specifically, processor 40 determines, based on algorithm 60, that the target tissue site is closest to the
midpoint of electrodes 24A and 24B and electrode 24A.
[0138] FIG. 11G illustrates a scenario in which electrode combination 24A-24B has a relative value 264 of approximately
236.578 milliVolts (mV), electrode combination 24B-24C has a relative value 266 of approximately 52.5311 mV, electrode
combination 24C-24D has a relative value 268 of approximately 18.6721 mV, and electrode combination 24A-24D has
a relative value 270 of approximately 307.781 mV. In this scenario, relative value 268 is not greater than relative value
266 and relative value 266 is not greater than relative value 264, so the criteria associated with block 178 of the technique
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shown in FIG. 10 arc not met. However, relative value 268 is less than relative value 266 and relative value 266 is less
than relative value 264, so the criteria associated with block 182 are met, and, as a result, processor 40 selects electrode
24A as being the sense electrode closest to the target tissue site.
[0139] FIG. 11H illustrates a scenario in which electrode combination 24A-24B has a relative value 272 of approximately
116.865 milliVolts (mV), electrode combination 24B-24C has a relative value 274 of approximately 29.3284 mV, electrode
combination 24C-24D has a relative value 276 of approximately 12.9243 mV, and electrode combination 24A-24D has
a relative value 278 of approximately 159.117 mV. In this scenario, relative value 276 is not greater than relative value
274 and relative value 274 is not greater than relative value 272, so the criteria associated with block 178 of the technique
shown in FIG. 10 are not met. However, relative value 276 is less than relative value 274 and relative value 274 is less
than relative value 272, so the criteria associated with block 182 of the technique shown in FIG. 10 are met and processor
40 selects electrode 24A as closest to the target tissue site. Specifically, processor 40 determines that, based on execution
of algorithm 60, the target tissue site is located proximal to electrode 24A.
[0140] FIG. 12A-12E arc graphs illustrating the relative beta band power levels in scenarios in which electrode com-
bination 24A-24D has the lowest relative value of the relative beta band power level, which correspond to blocks 196-206
in the technique shown in FIG. 10. For example, FIG. 12A illustrates a scenario in which electrode combination 24A-
24B has a relative value 280 of approximately 52.311 milliVolts (mV), electrode combination 24B-24C has a relative
value 282 of approximately 236.578 mV, electrode combination 24C-24D has a relative value 284 of approximately
236.578 mV, and electrode combination 24A-24D has a relative value 286 of approximately 52.5311 mV. Because
relative value 286 is not equal to zero, the criteria associated with block 196 (FIG. 10) is not satisfied. However, relative
value 282 is greater than relative value 280, so processor 40 selects electrode 24C as being the electrode closest to
the target tissue site.
[0141] FIG. 12B illustrates a scenario in which electrode combination 24A-24B has a relative value 288 of approximately
75.7807 milliVolts (mV), electrode combination 24B-24C has a relative value 290 of approximately 136.272 mV, electrode
combination 24C-24D has a relative value 292 of approximately 187.643 mV, and electrode combination 24A-24D has
a relative value 294 of approximately 24.4097 mV. Because relative value 294 is not equal to zero, the criteria associated
with block 196 in the technique shown in FIG. 10 is not satisfied. Because relative value 290 is greater than relative
value 288, processor 40 selects electrode 24C as being the electrode closest to the target tissue site. Specifically, the
results of implementing algorithm 60 indicate that the target tissue site is between electrode 24C and the midpoint of
electrodes 24B and 24C.
[0142] FIG. 12C illustrates a scenario in which electrode combination 24A-24B has a relative value 296 of approximately
116.865 milliVolts (mV), electrode combination 24B-24C has a relative value 298 of approximately 0 mV, electrode
combination 24C-24D has a relative value 300 of approximately 116.865, and electrode combination 24A-24D has a
relative value 302 of approximately 0 mV. Because amplitude 302 of the relative beta band power level of a signal sensed
with electrodes 24A and 24D has a value of approximately zero, the criteria at associated with block 196 of the technique
shown in FIG. 10 is satisfied. As previously indicated, amplitude 302 also indicates the relative value of the relative beta
band powers of the bioelectrical signals sensed in a unipolar configuration with each of the electrodes 24A, 24D. As a
result, processor 40 selects electrodes 24B and 24C as being closest to the target tissue site.
[0143] FIG. 12D illustrates a scenario in which a relative value 304 indicating a magnitude of a difference between
the beta band power level of bioelectrical brain signals sensed via electrodes 24A and 24B has is approximately 187.643
milliVolts (mV), electrode combination 24B-24C has a relative value 306 of approximately 136.272 mV, electrode com-
bination 24C-24D has a relative value 308 of approximately 75.7807 mV, and electrode combination 24A-24D has a
relative value 310 of approximately 24.4097 mV. Because relative value 310 is not equal to zero, the criteria associated
with block 196 of the technique shown in FIG. 10 is not satisfied. In addition, because relative value 306 is not greater
than relative value 304, the criteria associated with block 200 of the technique shown in FIG. 10 are not satisfied. Thus,
because relative value 306 is less than relative value 304, processor 40, while implementing algorithm 60, selects
electrode 24B as the electrode closest to the target tissue site. Specifically, processor 40, while implementing algorithm
60, determines that the target tissue site is between the midpoint of electrodes 24B and 24C and electrode 24B.
[0144] FIG. 12E illustrates a scenario in which the target tissue site is closest to electrode 24B. Electrode combination
24A-24B has a relative value 312 of approximately 236.578 milliVolts (mV), electrode combination 24B-24C has a relative
value 314 of approximately 236.578 mV, electrode combination 24C-24D has a relative value 316 of approximately
52.5311 mV, and electrode combination 24A-24D has a relative value 318 of approximately 52.5311 mV. Because
relative value 318 is not equal to zero and relative value 314 is not greater than relative value 312, processor 40 selects
electrode 24B as being as closest to the target tissue site.
[0145] FIGS. 13A and 13B are graphs illustrating scenarios in which electrode combination 24A-24D has neither the
lowest relative value nor the highest relative value and in which electrode combination 24B-24C has the highest relative
value, which correspond to blocks 208-214 in FIG. 10. For example, FIG. 13A illustrates a scenario in which electrode
combination 24A-24B has a relative value 320 of approximately 38.442 milliVolts (mV), electrode combination 24B-24C
has a relative value 322 of approximately 187.643 mV, electrode combination 24C-24D has a relative value 324 of
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approximately 136.272 mV, and electrode combination 24A-24D has a relative value 326 of approximately 89.8152 mV.
Because relative value 324 is greater than relative value 320, processor 40 selects electrode 24C as closest to the target
tissue site. Specifically, the target tissue site is between the midpoint of electrodes 24C and 24D and electrode 24C.
[0146] FIG. 13B illustrates a scenario in which processor 40 determines that the target tissue site is between electrode
24B and a midpoint between electrodes 24A and 24B. In the example shown in FIG. 13B, electrode combination 24A-
24B has a relative value 328 of approximately 136.272 milliVolts (mV), electrode combination 24B-24G has a relative
value 330 of approximately 187.643 mV, electrode combination 24C-24D has a relative value 332 of approximately
28.4442 mV, and electrode combination 24A-24D has a relative value 334 of approximately 89.8152 mV. Because
relative value 332 is not greater than relative value 328, processor 40 selects electrode 24C as being closest to the
target tissue site. Specifically, processor 40 determines that, while implementing algorithm 60, the target tissue site is
between electrode 24B and the midpoint of electrodes 24A and 24B.
[0147] FIG. 14 is a flow diagram illustrating an example technique for determining which electrode or electrodes are
closest to a target tissue site for a lead comprising groups of segmented electrodes, such as lead 62 (FIGS. 4A, 4B). In
this example, the technique is described with respect to lead 62 which comprises groups of electrodes 64 including
groups of segmented electrodes 68 and 70. In other examples, however, the technique may be applicable to a lead with
any combination and configuration of groups of ring electrodes and segmented electrodes. As with FIGS. 9A-9C and
10, algorithm 60 may include instructions that cause processor 40 to carry out each of the steps of the technique illustrated
in FIG. 14. However, in other examples, the technique may be carried out by a different processor, such as processor
74 of programmer 14.
[0148] In general, FIG. 14 illustrates a technique that may provide a more robust indication of the location of the target
tissue site within brain 28 than the techniques illustrated in FIGS. 9A-B and 10. For example, in addition to determining
the position of the target tissue site along the longitudinal axis of a lead, the technique illustrated in FIG. 14 includes
determining the location of a target tissue site relative to a side of lead 62 (e.g., as indicated by a direction nonparallel
to a longitudinal axis of lead 62, such as a direction substantially perpendicular to the longitudinal axis). Determining the
position of the target tissue site in a first direction, as indicated by the longitudinal axis of the lead, and subsequently in
a second direction, as indicated by a direction in which the segmented electrodes are displaced from one another, may
provide additional information about the target tissue site location, facilitating selection of a stimulation electrode com-
bination that provides more efficacious therapy to patient 12.
[0149] Processor 40 determines the relative values of the relative beta band power level for each electrode combination
between each group of electrodes (336). Specifically, processor 40 determines the relative values for each of electrode
combinations 72-70A, 72-70B, 72-70C, 70A-68A, 70B-68B, 70C-68C, 68A-66, 68B-66, 68C-66, and 72-66. Processor
40 then determines an average relative value for each group of electrodes (338). In order to determine the average
value for group of electrode combinations including electrodes 72-70, i.e., comprised of the most distal group electrodes,
processor 40 determines the average of the relative values for electrode combinations 72-70A, 72-70B, and 72-70C. In
order to determine the average relative value for group of electrode combinations 70-68, i.e., the middle groups of
electrodes, processor 40 determines the average of the relative values for electrode combinations 70A-68A, 70B-68B,
and 70C-68C. In order to determine the average relative value for group of electrode combinations 68-66, i.e., the most
proximal groups of electrodes, processor 40 determines the average of the relative values for electrode combinations
68A-66, 68B-66, and 68C-66. Processor 40 may not determine an average relative value for electrode combination
72-66, i.e., the most proximal and most distal groups of electrodes, because groups of electrodes 72 and 66 each
comprise only one ring electrode.
[0150] Next, processor 40 executes algorithm 60 to determine the group or groups (i.e., 66, 68, 70, and 72) of electrodes
closest to the target tissue site (340). The process is similar to that shown in FIG.10, except that processor 40 compares
the average relative values for combinations of groups of electrodes 72-70, 70-68, and 68-66 and the relative value for
combination 72-66 instead of the relative values for each electrode combination. Once processor 40 has selected the
group or groups of electrodes closest to the target tissue site based on algorithm 60, processor 40 determines whether
the selected group or groups comprise a segmented array of electrodes, i.e., groups 68 or 70 (342). If processor 40
determines that the selected group or groups determined be closest to the target tissue site comprises a segmented
array of electrodes, processor 40 executes algorithm 60 for each electrode in the selected group or groups of electrodes
to select the specific electrode that is closest to the target tissue site (344). For example, if processor 40 determines
that group of electrodes 68 is closest to the target tissue site, processor 40 determines the relative values for the relative
beta band power levels of the electrode combinations 68A-68B, 68B-68C, and 68C-68A of the group. Processor 40 then
determines which of electrodes 68A, 68B, and 68C are closest to the target tissue site based on the relative values. The
determination of which of the electrodes 68A, 68B, and 68C of the group of segmented electrodes sharing a position
along a longitudinal axis of the lead is closest to the target tissue site determines the location of the target tissue site in
a different direction relative to the first determination for determining which group of electrodes is closest to the target
tissue site. For example, determining which group of electrodes is closest to the target tissue site includes determining
which position along the longitudinal axis of lead 62 is closest to the target tissue site. Determining which of electrodes
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68A, 68B, and 68C is closest to the target tissue site may include determining which position around the perimeter of
lead 62 at the longitudinal position of electrodes 68 is closest to the target tissue site. Determining the position of the
target tissue site in two directions, e.g., the longitudinal position and the position around the perimeter, may provide a
more robust indication of the position of the target tissue site along lead 62 than determining the position of the target
tissue site in only one direction.
[0151] If, on the other hand, processor 40 determines that the selected group or groups of electrodes do not comprise
segmented electrodes, processor 40 determines that the electrode closest to the target tissue site is the group or groups
closest to the target tissue site (346). For example, if processor 40 selects group of electrodes 72 as closest to the target
tissue site, processor 40 consequently selects electrode 72 as the electrode closest to the target tissue site because
group of electrodes 72 comprises only electrode 72.
[0152] FIGS. 15A, 15B, 16A, 16B, 17A, 17B, 18A, 18B, 19A, and 19B illustrate graphs of values for the relative beta
band power levels of electrode combinations and groups of electrodes 66, 68, 70, and 72 of lead 62 (FIGS. 4A and 4B).
As shown in FIGS. 4A and 4B, electrodes 66 and 72 are ring electrodes and electrodes 68 and 70 each comprise three
segmented electrodes. FIGS. 15A, 16A, 17A, 18A, and 19A each illustrate the relative values for each electrode com-
bination within groups of electrodes 66, 68, 70, and 72. FIGS. 15B, 16B, 17B, 18B, and 19B illustrate the average relative
values for the groups of electrodes that are used to select the group of electrodes closest to the target tissue site.
[0153] FIG. 15A illustrates relative values 350 for each electrode combination 70A-72, 70B-72, and 70C-72 in a first
group of electrode combinations, relative values 352 for each electrode combination 68A-70A, 68B-70B, and 68C-70C
in a second group of electrode combinations, relative values 354 for each electrode combination 66-68A, 66-68B, and
66-68C in a third group of electrode combinations, and relative value 356 for the electrode combination 66-72 in a fourth
group of electrode combinations. The first, second, third, and fourth group of electrode combinations are distributed
along a longitudinal axis of lead 62, such that no two groups of electrode combinations have a common axial position
(e.g., a position along the longitudinal axis of lead 62).
[0154] As described above with respect to FIG. 14, the relative values for each of the electrode combinations are
determined and the average relative value for each group of electrodes is determined based on the relative values for
each of the electrode combinations in the group in order to determines the group of electrodes closest to the target tissue
site. Thus, FIG. 15B illustrates the average relative values 358, 360, and 362 determined from relative values 350, 352,
and 354. For example, average relative value 358 is determined by determining the average value of relative values
350, e.g., the average of the relative values for each of electrode combinations 70A-72, 70B-72, and 70C-72 in the
example shown in FIG. 15A. Relative value 364 is equal to relative value 356 because electrode combination 66-72
comprises two ring electrodes and no groups of segmented electrodes. An algorithm, such as algorithm 60 described
above with respect to FIG. 10, may then be used to determine the group of electrodes that is closest to the target tissue
site based on the average relative values 358, 360, and 362 and the relative value 364. In the example shown in FIGS.
15A and 15B, processor 40 of IMD 16 determines that group of electrodes 72 is closest to the target tissue site. Specifically,
algorithm 60 indicates that the target tissue site is distal to group of electrodes 72.
[0155] FIGS. 16A and 16B are graphs illustrating a scenario in which the target tissue site is closest to electrode 72.
FIG. 16A illustrates relative values 366 for a first group of electrode combinations 70A-72, 70B-72, and 70C-72, relative
values 368 for a second group of electrode combinations 68A-70A, 68B-70B, and 68C-70C, relative values 370 for a
third group of electrode combinations 66-68A, 66-68B, and 66-68C, and relative value 372 for a fourth group comprising
electrode combination 66-72. FIG. 16B illustrates the average relative values 374, 376, and 378 determined from relative
values 366, 368, and 370. For example, average relative value 374 is determined by calculating the average value of
relative values 366, i.e., the average of the relative values for each of electrode combinations 70A-72, 70B-72, and 70C-
72 in the first group of electrode combinations. Relative value 380 is the same as relative value 372 because the electrode
combination 66-72 comprises two ring electrodes and no groups of segmented electrodes. An algorithm such as algorithm
60 may then be used to determine the group of electrodes that is closest to the target tissue site based on the average
relative values 366, 368, and 370 and the relative value 372. In this case, processor 40 determines that, based on
algorithm 60 shown in FIG. 10, group of electrodes 72 is closest to the target tissue site.
[0156] FIGS. 17A and 17B illustrate graphs for a scenario in which electrode 72 is determined to be closest to a target
tissue site using the algorithm descried with respect to FIG. 10. FIG. 17A illustrates relative values 382 for electrode
combinations 70A-72, 70B-72, and 70C-72 in a first group of electrode combinations, relative values 384 for electrode
combinations 68A-70A, 68B-70B, and 68C-70C in a second group of electrode combinations, relative values 386 for
electrode combinations 66-68A, 66-68B, and 66-68C in a third group of electrode combinations, and relative value 388
for electrode combination 66-72 in a fourth group of electrode combinations. FIG. 17B illustrates the average relative
values 390, 392, and 394 determined from relative values 382, 384, and 386. For example, average relative value 390
is determined by calculating the average value of each of the relative values in group 382, i.e., the average of the relative
values for each of electrode combinations 70A-72, 70B-72, and 70C-72. Relative value 388 is the same as relative value
396 because the electrode combination 66-72 comprises two ring electrodes and no groups of segmented electrodes.
Processor 40 can implement an algorithm, such as algorithm 60 described with respect to FIG. 10, to determine the
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group of electrodes that is closest to the target tissue site based on the average relative values 390, 392, and 394 and
the relative value 396. In this case, executing the algorithm results in selecting groups of electrodes 72 and 70 as closest
to the target tissue site. Specifically, the target tissue site is closest to the midpoint of groups of electrodes 72 and 70.
[0157] FIGS. 18A and 18B illustrates graphs for a scenario in which electrode 70 is determined to be closest to a
target tissue site using the algorithm descried with respect to FIG. 10. FIG. 18A illustrates relative values 398 for electrode
combinations 70A-72, 70B-72, and 70C-72 in a first group of electrode combinations, relative values 400 for electrode
combinations 68A-70A, 68B-70B, and 68C-70C in a second group of electrode combinations, relative values 402 for
electrode combinations 66-68A, 66-68B, and 66-68C in a third group of electrode combinations, and relative value 404
for electrode combination 66-72 in a fourth group of electrode combinations. FIG. 18B illustrates the average relative
values 406, 408, and 410 determined from each of the relative values in groups 398, 400, and 402. For example, average
relative value 406 is determined by calculating the average value of relative values 398, i.e., the average of the relative
values for each of electrode combinations 70A-72, 70B-72, and 70C-72. Relative value 404 is the same as relative value
412 because the electrode combination 66-72 comprises two ring electrodes and no groups of segmented electrodes.
Processor 40 can implement an algorithm, such as algorithm 60 described with respect to FIG. 10, to determine the
group of electrodes that is closest to the target tissue site based on the average relative values 406, 408, and 410 and
the relative value 412. In this case, executing the algorithm results in selecting group of electrodes 70 as closest to the
target tissue site.
[0158] FIGS. 19A and 19B illustrate graphs for a scenario in which a target tissue site is determined to be near a
midpoint of electrodes 70, 68 using the algorithm descried with respect to FIG. 10. FIG. 19A illustrates relative values
414 for electrode combinations 70A-72, 70B-72, and 70C-72 in a first group of electrode combinations, relative values
416 for electrode combinations 68A-70A, 68B-70B, and 68C-70C in a second group of electrode combinations, relative
values 418 for electrode combinations 66-68A, 66-68B, and 66-68C in a third group of electrode combinations, and
relative value 420 for electrode combination 66-72 in a fourth group of electrode combinations. FIG. 19B illustrates the
average relative values 422, 424, and 426 determined from each of the relative values in groups of relative values 414,
416, and 418. For example, average relative value 422 is determined by calculating the average value of relative values
414, i.e., the average of the relative values for each of electrode combinations 70A-72, 70B-72, and 70C-72. Relative
value 428 is the same as relative value 420 because the electrode combination 66-72 comprises two ring electrodes
and no groups of segmented electrodes. Processor 40 of IMD 16 can implement an algorithm, such as algorithm 60
described with respect to FIG. 10, to determine the group of electrodes that is closest to the target tissue site based on
the average relative values 422, 422, and 424 and the relative value 428. In this case, executing the algorithm results
in selecting groups of electrodes 70 and 68 as closest to the target tissue site. Specifically, the target tissue site is closest
to the midpoint of groups of electrodes 70 and 68.
[0159] In accordance with the technique shown in FIG. 14, after determining which group of electrodes is closest to
a target tissue site, and, therefore, determining the relative location of the target tissue site in a direction substantially
parallel to a longitudinal axis of lead 62, processor 40 of IMD 16 (or a processor of another device, such as programmer
14) can determine which side of lead 62 (e.g., as indicated by a direction nonparallel to a longitudinal axis of lead 62,
such as a direction substantially perpendicular to the longitudinal axis) is closest to the target tissue site. Identifying the
location of the target tissue site in at least two directions (referred to herein as a three-dimensional algorithm) is useful
for selecting stimulation electrodes from a plurality of electrodes including at least two segmented electrodes.
[0160] FIGS. 20A-20E illustrate graphs of relative values used to determine the side of the lead closest to the target
tissue site, where different "sides" of lead 62 are indicated by a respective one of segmented (or partial ring) electrodes
70A, 70B, 70C. In the examples of FIGS. 20A-20E, group of electrodes 70 is used to determine whether the target tissue
site is closest to the side of the lead containing electrode 70A, 70B, or 70C. In other examples, however, a different
group of electrodes, e.g., group of electrodes 68, may be used to determine the side of the lead closest to the target
tissue site.
[0161] FIG. 20A illustrates a scenario in which the target tissue site has been determined to be located distal to the
group of electrodes comprising electrode 72. Although the target tissue site is located relatively far from group of electrodes
70, group of electrodes 70 is used to determine the side of the lead 62 closest to the target tissue site because group
of electrodes 70 comprises electrodes on three different sides of the lead 62, in contrast to group of electrode 72 which
comprises only one ring electrode that extends around the entire perimeter of lead 62. Alternatively, group of electrodes
68, which also comprises three segmented electrodes, may be used. As shown in FIG. 20A, electrode combination 70A-
70B has a relative value 430 of approximately 4.96 mV, electrode combination 70B-70C has a relative value 432 of
approximately 0 mV, and electrode combination 70C-70A has a relative value 434 of approximately 4.96 mV. Because
relative value 432 is substantially equal to zero and relative values 430 and 434 are substantially equal, i.e., the distribution
of electrical potential between electrode combinations 70A-70B and 70C-70A are substantially symmetrical, processor
40 determines that, based on the algorithm described with respect to FIG. 14, the target tissue site is located closest to
the side of lead 62 containing electrode 70A. In this case, the target tissue site is located closest to group of electrodes
72, and, thus, relatively far from group of electrodes 70. Consequently, relative values 430 and 434 have a relatively
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low amplitude value in comparison to scenarios in which the target tissue site is located closer to group of electrodes 70.
[0162] FIG. 20B illustrates a scenario in which the target tissue site has been determined to be located closest to
group of electrodes 72. As with the scenario illustrated in FIG. 20A, although the target tissue site is located relatively
far from group of electrodes 70, group of electrodes 70 is used to determine the side of the lead 62 closest to the target
tissue site because group of electrodes 70 comprises electrodes on three different sides of the lead 62, in contrast to
group of electrode 72 which comprises only one ring electrode around the entire perimeter of lead 62. Alternatively,
group of electrodes 68, which also comprises three electrodes, may be used. As shown in FIG. 20B, electrode combination
70A-70B has a relative value 438 of approximately 13.87 mV, electrode combination 70B-70C has a relative value 440
of approximately 0 mV, and electrode combination 70C-70A has a relative value 442 of approximately 13.87 mV. Because
relative value 440 is substantially zero and relative values 438 and 442 are substantially equal, i.e., the distribution of
electrical potential between electrode combinations 70A-70B and 70C-70A are symmetrical, processor 40 determines
that, based on the algorithm described with respect to FIG. 14, the target tissue site is located closest to the side of lead
62 containing electrode 70A. In this case, the target tissue site is located closest to group of electrodes 72, and, thus,
relatively far from group of electrodes 70. Consequently, relative values 438 and 442 have a relatively low amplitude
value in comparison to scenarios in which the target tissue site is located closer to group of electrodes 70. However, in
comparison to the scenario illustrated in FIG. 20A, the target tissue site is located closer to group of electrodes 70 and,
thus, the amplitude of relative values 438 and 442 is higher than in the scenario illustrated in FIG. 20A.
[0163] FIG. 20C illustrates a scenario in which the target tissue site has been determined to be located closest the
midpoint of groups of electrodes 72 and 70, e.g., based on the algorithm described with respect to FIG. 10. As shown
in FIG. 20C, electrode combination 70A-70B has a relative value 444 of approximately 50.78 mV, electrode combination
70B-70C has a relative value 446 of approximately 0 mV, and electrode combination 70C-70A has a relative value 448
of approximately 50.78 mV. Because relative value 446 is substantially equal to zero and relative values 444 and 448
are substantially equal, i.e., the distribution of electrical potential between electrode combinations 70A-70B and 70C-
70A are substantially asymmetrical, processor 40 determines that the target tissue site is located closest to the side of
lead 62 containing electrode 70A. In this case, the target tissue site is located closest to the midpoint of groups of
electrodes 72 and 70, and, thus, closer to group of electrodes 70 than in either of the scenarios illustrated in FIGS. 20A
and 20B. Consequently, the amplitudes values of relative values 444 and 448 are higher than the corresponding amplitude
values in the scenarios illustrated in FIGS. 20A and 20B.
[0164] FIG. 20D illustrates a scenario in which the target tissue site has been determined to be located closest to
group of electrodes 70. As shown in FIG. 20D, electrode combination 70A-70B has a relative value 450 of approximately
175.42 mV, electrode combination 70B-70C has a relative value 452 of approximately 0 mV, and electrode combination
70C-70A has a relative value 454 of approximately 175.42 mV. Because relative value 452 is substantially equal to zero
and relative values 450 and 454 are substantially equal, i.e., the distribution of electrical potential between electrode
combinations 70A-70B and 70C-70A are substantially symmetrical, processor 40 determines that the target tissue site
is located closest to the side of lead 62 containing electrode 70A. In this case, the target tissue site is located closest to
group of electrodes 70. Consequently, the amplitudes values of relative values 450 and 454 are higher than the corre-
sponding amplitude values in the scenarios illustrated in FIGS. 20A, 20B, and 20C.
[0165] FIG. 20E illustrates a scenario in which the target tissue site has been determined to be located closest to the
midpoint of groups of electrodes 70 and 68, e.g., based on the algorithm described with respect to FIG. 10. As shown
in FIG. 20E, electrode combination 70A-70B has a relative value 456 of approximately 54.78 mV, electrode combination
70B-70C has a relative value 458 of approximately 0 mV, and electrode combination 70C-70A has a relative value 460
of approximately 54.78 mV. Because relative value 458 is substantially equal to zero, i.e., relative value 458 has the
lowest relative value, and relative values 456 and 460 are substantially equal, i.e., the distribution of electrical potential
between electrode combinations 70A-70B and 70C-70A are substantially symmetrical, it can be determined that the
target tissue site is located closest to the side of lead 62 containing electrode 70A. In this case, the target tissue site is
located closest to the midpoint of groups of electrodes 70 and 68, and, thus, farther from group of electrodes 70 than in
the scenario illustrated in FIG. 20D. Consequently, the amplitudes values of relative values 456 and 460 are lower than
the corresponding amplitude values in the scenario illustrated in FIG. 20D, where the target tissue site is located closest
to group of electrodes 70.
[0166] In some examples, the target tissue site may be located between two of electrodes 70A, 70B, and 70C. For
example, the target tissue site may be located between electrodes 70A and 70B, and closer to electrode 70A than
electrode 70B. In this case, the difference in tissue electrical potential sensed by electrodes 70A and 70B is smaller than
the difference in electrical potential sensed by electrodes 70C and 70A because electrode 70C is located much farther
away from the target tissue site than electrode 70B. In this case, the relative value for the electrode combination 70C-
70A is slightly greater than the relative value for the electrode combination 70B-70C. However, the relative value for the
electrode combination 70B-70C is the lowest relative value. Thus, in this case, it can be determined that the target tissue
site is once again located closest to electrode 70A. Similar analyses between bipolar electrical potential recordings may
be performed if more electrode segments or multiple electrode arrays are used in order to localize the electrode closest
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to the source of activity.
[0167] In each of the examples described herein, processor 40 of IMD 16 or a processor of another device can
automatically determine which electrode is closest to the target tissue site using the techniques described herein.
[0168] FIG. 21 is a flow diagram illustrating an example technique for determining the electrode or electrodes closest
to the target tissue site for an IMD comprising multiple leads each comprising groups of electrodes, such as leads 20A
and 20B comprising electrodes 24 and 26, respectively (FIG. 3). In this example, the technique is described with respect
to leads 20A and 20B. In other examples, however, the technique may be applicable to an IMD with any combination
and configuration of leads and electrodes. As with FIG. 14, memory 42 of IMD 16 can store algorithm 60 that stores
instructions that, when executed by processor 40, causes processor 40 (alone or in combination with another processor)
to carry out each of the steps of the technique illustrated in FIG. 21. However, in other examples, the technique may be
carried out by a different processor, such as processor 74. With respect to FIG. 21, electrodes at the same position
along the longitudinal axis of leads 20A and 20B will be referred to as a group of electrodes. For example, a group D of
electrodes may comprise electrodes 24D and 26D, which are at the same position along the longitudinal axis of the
respective leads.
[0169] In accordance with the technique shown in FIG. 21, processor 40 determines the relative values of the relative
beta band power level for cach electrode combination that includes electrodes 24 of lead 20A, i.e., electrode combinations
24A-24B, 24B-24C, 24C-24D, and 24A-24D (462). Next, processor 40 determines the relative values for each electrode
combination of lead 20B, i.e., electrode combinations 26A-26B, 26B-26C, 26C-26D, and 26A-26D (464). After processor
40 has determined the relative values for each electrode combination, processor 40 determines an average value for
the relative values for corresponding electrode combinations from leads 20A and 20B (466). For example, with respect
to leads 20A, 20B, processor 40 determines an average A-B relative value for electrode combinations 24A-24B and
26A-26B, an average B-C relative value for electrode combinations 24B-24C and 26C-26D, an average C-D relative
value for electrode combinations 24C-24D and 26C-26D, and an average A-D relative value for electrode combinations
24A-24D and 26A-26D.
[0170] Processor 40 then applies algorithm 60 using the average A-B, B-C, C-D, and A D relative values to determine
the group or groups of electrodes, i.e., A, B, C, or D, closest to the target tissue site (468). The determination of the
group of electrodes closest to the target tissue site indicates the relative location of the target tissue site in a first direction
that is substantially parallel to a longitudinal axis of at least one of leads 20A, 20B (or both of leads 20A, 20B if the
longitudinal axes of leads 20A, 20B arc positioned parallel to each other). After processor 40 selects the group or groups
of electrodes closest to the target tissue site, processor 40 determines which of the electrodes 24 or 26 was used to
sense the bioelectrical brain signal within the selected group has the highest relative beta band power level, and processor
40 selects the electrode associated with the highest relative beta band power level as closest to the target tissue site (470).
[0171] For each of the techniques illustrated in FIGS. 7A, 7B, 9A, 9B, 9C, 10, 14, and 21, processor 40 (or a processor
of another device, such as programmer 14) may, in some examples, automatically rank each electrode based on its
location relative to the target tissue site. The rank can indicate, for example, which electrode may deliver the most
efficacious stimulation therapy delivery to patient 12, or may simply indicate which electrode is closest to the target tissue
site.
[0172] For example, with respect to the technique illustrated in FIG. 10, processor 40 may determine that the target
tissue site is located closest to electrode 24C, as with the scenario illustrated in FIG. 12A. After determining that the
target tissue site is closest to electrode 24C, processor 40 may generate a suggestion that at least a substantial portion
of the electrical stimulation therapy (e.g., approximately 100%), as indicated by various factors including current or
voltage amplitude, should be delivered via electrode 24C. Processor 40 may also rank electrode 24C as the highest or
most effective electrode, e.g., number one. Alternatively or additionally, processor 40 may automatically adjust electrical
stimulation parameters based on determining that the majority of electrical stimulation therapy should be delivered via
electrode 24C.
[0173] In another example, processor 40 may determine that the target tissue site is located between electrodes 24B
and 24C and closest to electrode 24C, e.g., between the midpoint of electrodes 24B and 24C and electrode 24C, as
with the scenario illustrated in FIG. 12B. After determining that the target tissue site is between electrodes 24B and 24C
and closest to electrode 24C, processor 40 may generate a corresponding suggestion for the distribution of electrical
stimulation therapy delivery. For example, processor 40 may determine that the largest percentage of electrical stimulation
therapy, e.g., approximately 75%, should be delivered via electrode 24C and that a relatively smaller percentage of
electrical stimulation therapy, e.g., approximately 25%, should be delivered via electrode 24B because the target tissue
site is located close to both electrode 24B and 24C, but closest to electrode 24C.
[0174] Processor 40 may also rank electrode 24C as the highest (e.g., stimulation electrode closest to the target tissue
site), and may rank electrode 24B as the next highest stimulation electrode. Processor 40 may rank electrodes 24A and
24D as the lowest or least effective stimulation electrodes, e.g., number three or numbers three and four. Alternatively
The order of electrodes may or may not indicate which electrode may provide the most efficacious stimulation therapy.
For example, although electrode 24C is closest to a target tissue site, it may later be determined that stimulation therapy
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delivered via electrode 24C results in side effects not present when stimulation therapy is delivered via electrode 24B.
In such a case, the clinician or processor 40, based on user input indicating the side effects, may select the next-highest
electrode or a different electrode to deliver stimulation.
[0175] In some examples, processor 40 automatically adjusts electrical stimulation parameters based on determining
that the majority of electrical stimulation therapy should be delivered via electrode 24C and a relatively smaller percentage
of electrical stimulation therapy should be delivered via electrode 24B. For example, processor 40 may select the
stimulation parameters to distribute the distribution of current or voltage between electrodes, e.g., as described in further
detail below with respect to Table 3. A clinician or other user may use the table to adjust electrical stimulation parameters
and/or to make other observations that may be useful in providing the patient with effective electrical stimulation therapy.
[0176] In some examples, the relative distribution of current or voltage between the electrodes selected to be closest
to a target tissue site may be predetermined and processor 40 may select the relative distribution of current or voltage
between the electrodes based on where the target tissue site is located relative to the selected electrodes. For example,
memory 42 (FIG. 3) ofIMD 16 or a memory of another device can associate different power distributions between
electrodes with different locations of the target tissue site. As an example, if the target tissue site is determined to be
between first and second electrode, but closest to the first electrode, the predetermined distribution of stimulation signal
power delivered by the first and second electrodes may be about 75% and about 25%, respectively, or about 80% and
20% respectively. Other percentages arc contemplated. Processor 40 can also determine the relative power distribution
between more than two electrodes.
[0177] In another example, processor 40 (or a processor of another device, such as programmer 14) may determine
that the target tissue site is located between electrodes 24B and 24C, e.g., at the midpoint of electrodes 24B and 24C,
as with the scenario illustrated in FIG. 12C. Processor 40 may generate a corresponding suggestion for distribution of
electrical stimulation therapy. For example, processor 40 may determine that approximately equal percentages of elec-
trical stimulation therapy, e.g., approximately 50%, should be delivered via both of electrodes 24B and 24C because
the target tissue site is located approximately halfway between electrodes 24B and 24C. Processor 40 may also rank
electrodes 24B and 24C as the highest or most effective stimulation electrodes, e.g., number one or numbers one and
two. Processor 40 may rank electrodes 24A and 24D as the lowest or least effective stimulation electrodes. Alternatively
or additionally, processor 40 may automatically adjust electrical stimulation parameters based on determining that ap-
proximately equal percentages of electrical stimulation should be delivered via electrodes 24B and 24C.

[0178] In examples in which sensing module 46 senses bioelectrical brain signals in a unipolar sensing configuration,
processor 40 (or a processor of another device, such as programmer 14) may determine a rank of electrodes based on
comparisons between the relative beta band power levels of the bioelectrical brain signals sensed by each unipolar
electrode combination. For example, processor 40 may analyze a spectrogram, e.g., the spectrogram shown in FIG. 2,
to determine the relative beta band power level of a bioelectrical brain signal sensed by a respective one of the electrodes
24A, 24B, 24C, and 24D in a unipolar configuration. Processor 40 may then compare the relative beta band power levels
sensed by each of the electrodes to one another and determine the rank of each electrode based on the relative beta
band power levels. For example, processor 40 may rank the electrode that sensed the bioelectrical brain signal with the
highest beta band power level as the highest stimulation electrode (e.g., closest to the target tissue site) and the electrode
that sensed the bioelectrical brain signal with the lowest beta band power level as the lowest stimulation electrode.
Processor 40 (or a processor of another device, such as programmer 14) may generate a suggestion for the distribution
of electrical stimulation therapy between electrodes 24A-24D based on comparing the beta band power levels.
[0179] For example, processor 40 can determine that if electrode 24C sensed a bioelectrical brain signal having a
beta band (or other selected frequency band) power level that is three times greater than the beta band power level of
a bioelectrical brain signal sensed by electrode 24B, processor 40 can suggest that 75% of the power of the electrical
stimulation signal be delivered via electrode 24C and 25% of the power of the electrical stimulation signal be delivered
via electrode 24B. Other distributions are also contemplated and need not necessarily be proportional to the ratio of
power levels in a selected frequency band. The power of a stimulation signal can be a function of, for example, the
voltage or current amplitude. Therefore, the relative voltage or current amplitude of stimulation signals delivered via a

Table 3: Electrode rank

Rank Electrode Suggested Distribution (%)

1 24C 75

2 24B 25

3 24A 0

3 24D 0
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plurality of electrodes can be selected based on the ratio of power levels within a selected frequency band of bioelectrical
brain signals sensed by the electrodes in a unipolar configuration.
[0180] In some examples, providing a rank of each stimulation electrode may facilitate patient-specific electrical stim-
ulation therapy delivery. For example, in some examples, delivery of electrical stimulation via the highest-ranked electrode
combination may cause undesirable side effects. A clinician or user may access the rank of electrodes in order to choose
a different electrode combination that may cause fewer side effects but may still be located relatively close to the target
tissue site. In other examples, processor 40 may access the rank of electrodes in order to automatically modify the
stimulation electrode combination based on feedback from the patient regarding effects of a particular stimulation elec-
trode combination.
[0181] The techniques illustrated herein, such as the techniques illustrated in FIGS. 7B, 9A, 9B, 9C, 10, 14, and 21,
have been described with respect to sensing bioelectrical signals with electrode combinations in a unipolar configuration
and then converting the unipolar bioelectrical signal data into bipolar bioelectrical signal data via the relative values. For
example, with respect to the technique shown in FIG. 7B, processor 40 controls sensing module 46 to sense a first
bioelectrical signal with electrode 24A (FIG. 3) and a reference (e.g., a housing electrode), a second bioelectrical signal
with electrode 24B and a reference, a third bioelectrical signal with electrode 24C and a reference, and a fourth bioelectrical
signal with electrode 24D and a reference. Then, processor 40 determines relative values indicating the difference in
relative beta band power levels for bioelectrical signals sensed by each electrode combination, i.e., electrode combina-
tions 24A-24B, 24B-24C, 24C-24D, and 24A-24D.
[0182] As shown in FIG. 22, in other examples, rather than determining the relative value of the relative beta band
power level for each combination of the first, second, third, and fourth bioelectrical signals, processor 40 senses bioe-
lectrical brain signals in a bipolar configuration (e.g., with combinations of electrodes 24) and determines the value of
the relative beta band power level of the bioclectrical brain signal sensed via cach bipolar electrode configuration (472).
The relative beta band power level of the bioelectrical brain signal sensed via the bipolar electrode configuration is
substantially equal to the relative value of the relative beta band power level of a bioelectrical brain signal sensed via
the two electrodes of the bipolar configuration in a unipolar configuration. Processor 40 can then execute algorithm 60
to select the one or more sense electrodes closest to the target tissue site based on the value of the relative beta band
power levels of the bioelectrical brain signals sensed via respective bipolar electrode configurations (474).
[0183] FIG. 23 is a flow diagram illustrating an example technique for modifying stimulation electrode selection when
electrical stimulation therapy is being delivered. Processor 40 may instruct stimulation generator 44 to deliver electrical
stimulation therapy based on determining that one or more selected stimulation electrodes are closest to the target tissue
site (476). During therapy delivery (e.g., chronic therapy delivery), processor 40 can periodically asses the positions of
the one or more selected one or more stimulation electrodes in order to ensure that electrical stimulation therapy is
delivered to the appropriate location within brain 28 of patient 12. For example, processor 40 may execute algorithm 60
after a particular amount of time (e.g., a predetermined and stored amount of time, or a random time) has passed or
after a particular amount of electrical stimulation has been delivered to determine the electrodes located closest to the
target tissue site (478).
[0184] Processor 40 may determine whether the electrodes located closest to the target tissue site are the same as
the selected stimulation electrodes (480). If the electrodes located closest to the target tissue site are the same as the
selected stimulation electrodes, processor 40 may continue to deliver electrical stimulation therapy with the selected
electrodes (476). If, on the other hand, processor 40 determines that the electrodes located closest to the target tissue
site are no longer the selected stimulation electrodes, processor 40 may modify the selected stimulation electrodes in
order to provide the most efficacious therapy to patient 12 (482).
[0185] The techniques described in this disclosure, including those attributed to programmer 14, IMD 16, or various
constituent components, may be implemented, at least in part, in hardware, software, firmware or any combination
thereof. For example, various aspects of the techniques may be implemented within one or more processors, including
one or more microprocessors, DSPs, ASICs, FPGAs, or any other equivalent integrated or discrete logic circuitry, as
well as any combinations of such components, embodied in programmers, such as physician or patient programmers,
simulators, image processing devices or other devices. The term "processor" or "processing circuitry" may generally
refer to any of the foregoing logic circuitry, alone or in combination with other logic circuitry, or any other equivalent circuitry.
[0186] Such hardware, software, firmware may be implemented within the same device or within separate devices to
support the various operations and functions described in this disclosure. While the techniques described herein are
primarily described as being performed by processor 40 of IMD 16 and/or processor 70 of programmer 14, any one or
more parts of the techniques described herein may be implemented by a processor of one of IMD 16, programmer 14,
or another computing device, alone or in combination with each other.
[0187] In addition, any of the described units, modules or components may be implemented together or separately as
discrete but interoperable logic devices. Depiction of different features as modules or units is intended to highlight different
functional aspects and does not necessarily imply that such modules or units must be realized by separate hardware
or software components. Rather, functionality associated with one or more modules or units may be performed by
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separate hardware or software components, or integrated within common or separate hardware or software components.
[0188] When implemented in software, the functionality ascribed to the systems, devices and techniques described
in this disclosure may be embodied as instructions on a computer-readable medium such as RAM, ROM, NVRAM,
EEPROM, FLASH memory, magnetic data storage media, optical data storage media, or the like. The instructions may
be executed to support one or more aspects of the functionality described in this disclosure.
[0189] Various embodiments of this disclosure are directed to a system comprising a plurality of electrodes, a sensing
module that senses a plurality of bioelectrical brain signals via at least one electrode of the plurality of electrodes, and,
a processor that determines a frequency domain characteristic for each of the plurality of bioelectrical signals, determines
a plurality of relative values of the frequency domain characteristic, wherein each of the plurality of relative values is
based on at least two of the frequency domain characteristics, and selects at least one of the plurality of electrodes for
delivering stimulation to the patient based on the plurality of relative values. Such system embodiments may include
that the frequency domain characteristic comprises a power level of the respective bioelectrical signal in a selected
frequency band. In some of the these system embodiments, the selected frequency band comprises at least one of a
beta band or a gamma band. In some of the system embodiments, the processor determines a greatest relative value
of the frequency domain characteristic and selects the electrodes for delivering stimulation to the patient based on the
electrodes with which the sensing module sensed the bioelectrical signals comprising the greatest relative value of the
frequency domain characteristic. In some of the system embodiments, the sensing module senses the plurality of bio-
electrical signals with a plurality of unipolar electrode combinations. In some of the system embodiments, the processor
determines a magnitude of a difference in the frequency domain characteristics of at least two bioelectrical signals in
order to determine the plurality of relative values of the frequency domain characteristic. In some of the system embod-
iments, the sensing module senses the plurality of bioelectrical signals with a plurality of bipolar electrode combinations.
In some of the system embodiments, the frequency domain characteristic of each bioelectrical signal indicates the
relative values. In some of the system embodiments, the processor determines whether a target tissue site is positioned
between two electrodes of the plurality of electrodes based on the relative values prior to selecting at least one of the
electrodes for delivering stimulation to the patient. In some of the system embodiments, the sensing module senses the
plurality of bioelectrical signals with at least one respective electrode of the plurality of electrodes, the bioelectrical signals
comprising a first set of bioelectrical signals, wherein at least three electrodes of the plurality of electrodes comprise a
common position along a longitudinal axis of a lead, wherein the sensing module senses a second set of bioelectrical
signals within the brain of the patient with at least one electrode of the at least three electrode, and wherein the processor
determines a frequency domain characteristic for each of the bioelectrical signals of the second set of bioelectrical
signals and selects one of the electrodes of the at least three electrodes for delivering stimulation to the patient based
on the frequency domain characteristics of the bioelectrical signals of the second set of bioelectrical signals. In some of
the system embodiments, the sensing module senses a first group of bioelectrical signals of the plurality of bioelectrical
brain signals via a first group of electrodes comprising at least one electrode from the plurality of electrodes, a second
group of bioelectrical signals of the plurality of bioelectrical brain signals via a second group of electrodes comprising
at least one electrode from the plurality of electrodes, a third group of bioelectrical signals of the plurality of bioelectrical
brain signals via a third group of electrodes comprising at least one electrode from the plurality of electrodes, and a
fourth group of bioelectrical signals of the plurality of bioelectrical brain signals via a fourth group of electrodes comprising
at least one electrode from the plurality of electrodes, and the processor determines the frequency domain characteristic
for each of the bioelectrical signals within each of the first, second, third, and fourth groups of bioelectrical signals,
determines a first relative value of the frequency domain characteristic based on the frequency domain characteristics
for the first and second groups of bioelectrical signals, determines a second relative value of the frequency domain
characteristic based on the frequency domain characteristics for the second and third groups of bioelectrical signals,
determines a third relative value of the frequency domain characteristic based on the frequency domain characteristics
for the third and fourth groups of bioelectrical signals, determines a fourth relative value of the frequency domain char-
acteristic based on the frequency domain characteristics for the first and fourth groups of bioclcctrical signals, and selects
at least one electrode from at least one of the first, second, third, or fourth groups of electrodes for delivering stimulation
to a target tissue site of the patient based on the first, second, third, and fourth relative values. In some of the system
embodiments, the first group of electrodes is located at a first position along a longitudinal axis of a lead, the second
group of electrodes is located at a second position proximal to the first position along the longitudinal axis of the lead,
the third group of electrodes is located at a third position proximal to the second position along the longitudinal axis of
the lead, and the fourth group of electrodes is located at a fourth position proximal to the third position along the longitudinal
axis of the lead. In some of the system embodiments, the processor selects at least one electrode from at least one of
the first, second, third, or fourth groups of electrodes for delivering stimulation to a target stimulation site of the patient
based on the first, second, third, and fourth relative values based on determining whether at least one of the first, second,
third, or fourth groups of electrodes is closest to the target tissue site based on the first, second, third, and fourth relative
values. In some of the system embodiments, if the processor determines that the fourth relative value is greater than
the first, second, and third relative values, the processor determines whether the first relative value is greater than the
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second relative value and whether the second relative value is greater than the third relative value and selects at least
one electrode from the first group of electrodes if the first relative value is greater than the second relative value and the
second relative value is greater than the third relative value. In some of the system embodiments, if the processor
determines that the fourth relative value is greater than the first, second, and third relative values, and that the first
relative value is not greater than the second relative value and the second relative value is not greater than the third
relative value, and that the first relative value is not less than the second relative value and the second relative value is
not less than the third relative value, the processor determines whether the first relative value is less than the third
relative value and selects at least one electrode from the first or second group of electrodes if the first relative value is
less than the third relative value. In some of the system embodiments, if the processor determines that the fourth relative
value is less than the first, second, and third relative values, the processor determines whether the fourth relative value
substantially equals zero and selects at least one electrode from the first or fourth group of electrodes if the fourth relative
value substantially equals zero.
[0190] Various embodiments of this disclosure are directed to a system comprising a plurality of electrodes, a sensing
module that senses a first group of bioelectrical signals in a brain of a patient via a first group of electrodes comprising
at least one electrode from the plurality of electrodes, a second group of bioelectrical signals in the brain of the patient
via a second group of electrodes comprising at least one electrode from the plurality of electrodes, a third group of
bioelectrical signals in the brain of the patient via a third group of electrodes comprising at least one electrode from the
plurality of electrodes, and a fourth group of bioelectrical signals in the brain of the patient via a fourth group of electrodes
comprising at least one electrode from the plurality of electrodes, and a processor that determines a frequency domain
characteristic for each of the bioelectrical signals within each of the first, second, third, and fourth groups of bioelectrical
signals, determines a first relative value of the frequency domain characteristic based on the frequency domain char-
acteristics for the first and second groups of bioelectrical signals, determines a second relative value of the frequency
domain characteristic based on the frequency domain characteristics for the second and third groups of bioelectrical
signals, determines a third relative value of the frequency domain characteristic based on the frequency domain char-
acteristics for the third and fourth groups of bioelectrical signals, determines a fourth relative value of the frequency
domain characteristic based on the frequency domain characteristics for the first and fourth groups of bioelectrical signals,
and selects at least one electrode from at least one of the first, second, third, or fourth groups of electrodes for delivering
stimulation to a target tissue site of the patient based on the first, second, third, and fourth relative values. In some of
the system embodiments, the first group of electrodes is located at a first position along a longitudinal axis of a lead, the
second group of electrodes is located at a second position proximal to the first position along the longitudinal axis of the
lead, the third group of electrodes is located at a third position proximal to the second position along the longitudinal
axis of the lead, and the fourth group of electrodes is located at a fourth position proximal to the third position along the
longitudinal axis of the lead. In some of the system embodiments, the processor selects at least one electrode from at
least one of the first, second, third, or fourth groups of electrodes for delivering stimulation to a target stimulation site of
the patient based on the first, second, third, and fourth relative values based on determining whether at least one of the
first, second, third, or fourth groups of electrodes is closest to the target tissue site based on the first, second, third, and
fourth relative values. In some of the system embodiments, the processor selects at least one individual electrode for
delivering stimulation based on the first, second, third, and fourth relative values. In some of the system embodiments,
if the processor determines that the fourth relative value is greater than the first, second, and third relative values, the
processor determines whether the first relative value is greater than the second relative value and whether the second
relative value is greater than the third relative value and selects at least one electrode from the first group of electrodes
if the first relative value is greater than the second relative value and the second relative value is greater than the third
relative value. In some of the system embodiments, if the processor determines that the fourth relative value is greater
than the first, second, and third relative values, the processor determines whether the first relative value is less than the
second relative value and whether the second relative value is less than the third relative value and selects at least one
electrode from the fourth group of electrodes if the first relative value is less than the second relative value and the
second relative value is less than the third relative value. In some of the system embodiments, if the processor determines
that the fourth relative value is greater than the first, second, and third relative values, and that the first relative value is
not greater than the second relative value and the second relative value is not greater than the third relative value, and
that the first relative value is not less than the second relative value and the second relative value is not less than the
third relative value, the processor determines whether the first relative value is less than the third relative value and
selects at least one electrode from the first or second group of electrodes if the first relative value is less than the third
relative value. In some of the system embodiments, if the processor determines that the fourth relative value is greater
than the first, second, and third relative values, and that the first relative value is not greater than the second relative
value and the second relative value is not greater than the third relative value, and that the first relative value is not less
than the second relative value and the second relative value is not less than the third relative value, the processor
determines whether the first relative value is greater than the third relative value and selects at least one electrode from
the third or fourth group of electrodes if the first relative value is greater than the third relative value. In some of the
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system embodiments, if the processor determines that the fourth relative value is less than the first, second, and third
relative values, the processor determines whether the fourth relative value substantially equals zero and selects at least
one electrode from the first or fourth group of electrodes if the fourth relative value substantially equals zero. In some
of the system embodiments, if the processor determines that the fourth relative value is less than the first, second, and
third relative values, the processor determines whether the second relative value is greater than the third relative value
and selects at least one electrode from the second group of electrodes if the second relative value is greater than the
third relative value. In some of the system embodiments, if the processor determines that the fourth relative value is less
than the first, second, and third relative values, and that the fourth relative value does not equal zero, and that the second
relative value is not greater than the third relative value, the processor determines whether the third relative value is
greater than the second relative value and selects at least one electrode from the third group of electrodes if the third
relative value is greater than the second relative value. In some of the system embodiments, if the processor determines
that the second relative value is greater than the first, third, and fourth relative values, the processor determines whether
the first relative value is greater than the third relative value and selects at least one electrode from the second group
of electrodes if the first relative value is greater than the third relative value. In some of the system embodiments, if the
processor determines that the second relative value is greater than the first, third, and fourth relative values, the processor
determines whether the first relative value is less than the third relative value and selects at least one electrode from
the third group of electrodes if the first relative value is less than the third relative value. In some of the system embod-
iments, the first group of bioelectrical signals comprises a first bioelectrical signal and the first group of electrodes
comprises a first electrode, the second group of bioelectrical signals comprises a second bioelectrical signal and the
second group of electrodes comprises a second electrode, the third group of bioelectrical signals comprises a third
bioelectrical signal and the third group of electrodes comprises a third electrode, and the fourth group of bioelectrical
signals comprises a fourth bioelectrical signal and the fourth group of electrodes comprises a fourth electrode. In some
of the system embodiments, if the processor determines that the fourth relative value is greater than the first, second,
and third relative values, the processor at least one of: determines whether the first relative value is greater than the
second relative value and whether the second relative value is greater than the third relative value and selects the first
electrode if the first relative value is greater than the second relative value and the second relative value is greater than
the third relative value, determines whether the first relative value is less than the second relative value and whether
the second relative value is less than the third relative value and selects the fourth electrode if the first relative value is
less than the second relative value and the second relative value is less than the third relative value, determines whether
the first relative value is not greater than the second relative value and the second relative value is not greater than the
third relative value, and whether the first relative value is not less than the second relative value and the second relative
value is not less than the third relative value, wherein the processor determines whether the first relative value is less
than the third relative value if the first relative value is not greater than the second relative value and the second relative
value is not greater than the third relative value, and the first relative value is not less than the second relative value and
the second relative value is not less than the third relative value, and selects at least one of the first or second electrodes
if the first relative value is less than the third relative value, or determines whether the first relative value is not greater
than the second relative value and the second relative, value is not greater than the third relative value, and whether
the first relative value is not less than the second relative value and the second relative value is not less than the third
relative value, wherein the processor determines whether the first relative value is greater than the third relative value
if the first relative value is not greater than the second relative value and the second relative value is not greater than
the third relative value, and the first relative value is not less than the second relative value and the second relative value
is not less than the third relative value, and selects at least one of the third or fourth electrodes if the first relative value
is greater than the third relative value. In some of the system embodiments, if the processor determines that the fourth
relative value is less than the first, second, and third relative values, the processor at least one of: determines whether
the fourth relative value substantially equals zero and selects at least one of the first or fourth electrodes if the fourth
relative value substantially equals zero, determines whether the second relative value is greater than the third relative
value and selects the second electrode if the second relative value is greater than the third relative value, or determines
whether the fourth relative value does not equal zero, and that the second relative value is not greater than the third
relative value, and determines whether the third relative value is greater than the second relative value if the fourth
relative value docs not equal zero and second relative value is not greater than the third relative value, and selects the
third electrode if the third relative value is greater than the second relative value. In some of the system embodiments,
if the processor determines that the second relative value is greater than the first, third, and fourth relative values, the
processor determines whether the first relative value is greater than the third relative value and selects the second
electrode if the first relative value is greater than the third relative value, or determines whether the first relative value
is less than the third relative value and selects the third electrode if the first relative value is less than the third relative
value. In some of the system embodiments, the first group of bioelectrical signals comprises a first bioelectrical signal
and the first group of electrodes comprises a first electrode, the second group of bioelectrical signals comprises a second
bioelectrical signal, a third bioelectrical signal, and a fourth bioelectrical signal and the second group of electrodes
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comprises a second electrode, a third electrode, and a fourth electrode, the third group of bioelectrical signals comprises
a fifth bioelectrical signal, a sixth bioelectrical signal, and a seventh bioelectrical signal and the third group of electrodes
comprises a fifth electrode, a sixth electrode, and a seventh electrode, and the fourth group of bioelectrical signals
comprises an eighth bioelectrical signal and the fourth group of electrodes comprises an eighth electrode. In some of
the system embodiments, the processor determines the first relative value of the frequency domain characteristic based
on the frequency domain characteristics for the first and second groups of bioelectrical signals by at least: determining
a fifth relative value of the frequency domain characteristic based on the frequency domain characteristics for the first
and second bioelectrical signals, determining a sixth relative value of the frequency domain characteristic based on the
frequency domain characteristics for the first and third bioelectrical signals, determining a seventh relative value of the
frequency domain characteristic based on the frequency domain characteristics for the first and fourth bioelectrical
signals, determining a first average value based on the fifth, sixth, and seventh relative values, wherein the first relative
value comprises the first average value, wherein the processor determines the second relative value of the frequency
domain characteristic based on the frequency domain characteristics for the second and third groups of bioelectrical
signals by at least: determining an eighth relative value of the frequency domain characteristic based on the frequency
domain characteristics for the second and fifth bioelectrical signals, determining a ninth relative value of the frequency
domain characteristic based on the frequency domain characteristics for the third and sixth bioelectrical signals, deter-
mining a tenth relative value of the frequency domain characteristic based on the frequency domain characteristics for
the fourth and seventh bioelectrical signals, and determining a second average value based on the eighth, ninth, and
tenth relative values, wherein the second relative value comprises the second average value, wherein the processor
determines the third relative value of the frequency domain characteristic based on the frequency domain characteristics
for the third and fourth groups of bioelectrical signals by at least: determining an eleventh relative value of the frequency
domain characteristic based on the frequency domain characteristics for the fifth and eighth bioelectrical signals, deter-
mining a twelfth relative value of the frequency domain characteristic based on the frequency domain characteristics for
the sixth and eighth bioelectrical signals, determining a thirteenth relative value of the frequency domain characteristic
based on the frequency domain characteristics for the seventh and eighth bioelectrical signals, and determining a third
average value based on the eleventh, twelfth, and thirteenth relative values, wherein the third relative value comprises
the third average value, and wherein the processor determines the fourth relative value of the frequency domain char-
acteristic based on the frequency domain characteristics for the first and fourth groups of bioelectrical signals by at least
determining a fourteenth relative value of the frequency domain characteristic based on the frequency domain charac-
teristics for the first and eighth bioelectrical signals, wherein the fourth relative value comprises the fourteenth relative
value. In some of the system embodiments, if the processor determines that the fourth relative value is greater than the
first, second, and third relative values, the processor at least one of: determines whether the first relative value is greater
than the second relative value and whether the second relative value is greater than the third relative value and selects
the first electrode if the first relative value is greater than the second relative value and the second relative value is
greater than the third relative value, determines whether the first relative value is less than the second relative value,
and determines whether the second relative value is less than the third relative value, and selects selecting the eighth
electrode if the first relative value is less than the second relative value and the second relative value is less than the
third relative value, determines whether the first relative value is not greater than the second relative value and the
second relative value is not greater than the third relative value, determines whether the first relative value is not less
than the second relative value and the second relative value is not less than the third relative value, and if the first relative
value is not greater than the second relative value and the second relative value is not greater than the third relative
value, and the first relative value is not less than the second relative value and the second relative value is not less than
the third relative value, the processor determines whether the first relative value is less than the third relative value, and
selects at least one electrode from at least one of the first or second groups of electrodes if the first relative value is less
than the third relative value, or determines whether the first relative value is not greater than the second relative value
and the second relative value is not greater than the third relative value, and determines whether the first relative value
is not less than the second relative value and the second relative value is not less than the third relative value, wherein
the processor determines whether the first relative value is greater than the third relative value if the first relative value
is not greater than the second relative value and the second relative value is not greater than the third relative value,
and selects at least one electrode from the third group of electrodes or selecting the fourth electrode, if the first relative
value is greater than the third relative value. In some of the system embodiments, if the processor determines that the
fourth relative value is less than the first, second, and third relative values, the processor at least one of: determines
whether the fourth relative value substantially equals zero, and selects at least one of the first or eighth electrodes if the
fourth relative value substantially equals zero, determines whether the second relative value is greater than the third
relative value and selects the second electrode if the second relative value is greater than the third relative value, or
determines whether the fourth relative value does not equal zero, and that the second relative value is not greater than
the third relative value, and determines whether the third relative value is greater than the second relative value if the
fourth relative value does not equal zero and second relative value is not greater than the third relative value, and selects
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the third electrode if the third relative value is greater than the second relative value. In some of the system embodiments,
the processor determines whether the second relative value is greater than the first, third, and fourth relative values,
and at least one of: determines whether the first relative value is greater than the third relative value, and selects at least
one electrode from the second group of electrodes if the first relative value is greater than the third relative value or
determines whether the first relative value is less than the third relative value, and selects at least one electrode from
the third group of electrodes if the first relative value is less than the third relative value. In some of the system embod-
iments, the processor selects at least one electrode from the second group of electrodes by at least: determining a
fifteenth relative value of the frequency characteristic based on the second and third bioelectrical signals, determining
a sixteenth relative value of the frequency characteristic based on the third and forth bioelectrical signals, determining
a seventeenth relative value of the frequency characteristic based on the fourth and second bioelectrical signals, and
selecting at least one of the second, third or fourth electrodes based on the fifteenth, sixteenth, and seventeenth relative
values. In some of the system embodiments, the processor selects at least one of the second, third or fourth electrodes
based on the fifteenth, sixteenth, and seventeenth relative values by at least: determining whether the fifteenth relative
value is substantially equal to the seventeenth relative value, determining whether the sixteenth relative value is sub-
stantially equal to zero, and selecting the second electrode if the fifteenth relative value is substantially equal to the
seventeenth relative value and the sixteenth relative value is substantially equal to zero. In some of the system embod-
iments, the processor selects at least one of the second, third or fourth electrodes based on the fifteenth, sixteenth, and
seventeenth relative values by at least: determining whether the fifteenth relative value is substantially equal to zero,
determining whether the sixteenth relative value is less than the seventeenth relative value, and selecting at least one
of the second or third electrodes if the fifteenth relative value is substantially equal to zero and the sixteenth relative
value is less than the seventeenth relative value. In some of the system embodiments, the processor selects at least
one electrode from the third group of electrodes by at least: determining an eighteenth relative value of the frequency
characteristic based on the fifth and sixth bioelectrical signals, determining a nineteenth relative value of the frequency
characteristic based on the sixth and seventh bioelectrical signals, determining a twentieth relative value of the frequency
characteristic based on the seventh and fifth bioelectrical signals, and selecting at least one of the fifth, sixth, or seventh
electrodes based on the eighteenth, nineteenth, and twentieth relative values. In some of the system embodiments, the
processor selects at least one of the fifth, sixth, or seventh electrodes based on the eighteenth, nineteenth, and twentieth
relative values by at least: determining whether the eighteenth relative value is substantially equal to the twentieth relative
value, determining whether the nineteenth relative value is substantially equal to zero, and selecting the sixth electrode
if the eighteenth relative value is substantially equal to the twentieth relative value and the nineteenth relative value is
substantially equal to zero. In some of the system embodiments, the processor selects selecting at least one of the fifth,
sixth, or seventh electrodes based on the eighteenth, nineteenth, and twentieth relative values by at least: determining
whether the eighteenth relative value is substantially equal to zero, determining whether the nineteenth relative value
is less than the twentieth relative value, and selecting at least one of the fifth or sixth electrodes if the eighteenth relative
value is substantially equal to zero and the nineteenth relative value is less than the twentieth relative value. In some of
the system embodiments, the first group of bioelectrical signals comprises a first bioelectrical signal, a second bioelectrical
signal, and a third bioelectrical signal and the first group of electrodes comprises a first electrode, a second electrode,
and a third electrode, the second group of bioelectrical signals comprises a fourth bioelectrical signal, a fifth bioelectrical
signal, and a sixth bioelectrical signal and the second group of electrodes comprises a fourth electrode, a fifth electrode,
and a sixth electrode, the third group of bioclcctrical signals comprises a seventh bioelectrical signal, an eighth bioelectrical
signal, and a ninth bioelectrical signal and the third group of electrodes comprises a seventh electrode, an eighth
electrode, and a ninth electrode, and the fourth group of bioelectrical signals comprises a tenth bioelectrical signal, an
eleventh bioelectrical signal, and a twelfth bioelectrical signal and the fourth group of electrodes comprises a tenth
electrode, an eleventh electrode, and a twelfth electrode.
[0191] Various embodiments of this disclosure are directed to a system comprising means for sensing a plurality of
bioelectrical brain signals via respective electrodes, means for determining a frequency domain characteristic for each
of the plurality of bioelectrical signals, means for determining a plurality of relative values of the frequency domain
characteristics, wherein each of the plurality of relative values is based on at least two of the frequency domain charac-
teristics, and means for selecting at least one of the plurality of electrodes for delivering stimulation to the patient based
on the plurality of relative values. In some of the system embodiments, the means for sensing a plurality of bioelectrical
brain signals via respective electrodes comprises means for sensing the plurality of bioelectrical brain signals with a
plurality of unipolar electrode combinations, and wherein the means for determining a plurality of relative values of the
frequency domain characteristics comprises means for determining a magnitude of a difference in the frequency domain
characteristics of at least two bioelectrical signals in order to determine the plurality of relative values of the frequency
domain characteristic. In some of the system embodiments, the means for sensing a plurality of bioelectrical brain signals
via respective electrodes comprises means for sensing the plurality of bioelectrical brain signals with a plurality of bipolar
electrode combinations, and the frequency domain characteristic of each bioelectrical brain signal indicates the relative
values. In some of the system embodiments, the means for selecting at least one of the plurality of electrodes for



EP 2 512 334 B1

36

5

10

15

20

25

30

35

40

45

50

55

delivering stimulation to the patient comprises means for determining whether a target tissue site is positioned between
two electrodes of the plurality of electrodes based on the relative values prior to selecting at least one of the electrodes
for delivering stimulation to the patient. In some of the system embodiments, the means for sensing a plurality of bioe-
lectrical brain signals comprises means for sensing the plurality of bioelectrical brain signals with at least one respective
electrode of the plurality of electrodes, the bioelectrical signals comprising a first set of bioelectrical signals, wherein at
least three electrodes of the plurality of electrodes comprise a common position along a longitudinal axis of a lead,
wherein the means for sensing a plurality of bioelectrical brain signals comprises means for sensing a second set of
bioelectrical signals within the brain of the patient with at least one electrode of the at least three electrodes, and wherein
the means for selecting at least one of the plurality of electrodes for deliver stimulation to the patient comprises means
for determining a frequency domain characteristic for each of the bioelectrical signals of the second set of bioelectrical
signals and means for selecting one of the electrodes of the at least three electrodes for delivering stimulation to the
patient based on the frequency domain characteristics of the bioelectrical signals of the second set of bioelectrical signals.
[0192] Various embodiments of this disclosure are directed to a system comprising means for sensing a first group of
bioelectrical signals in a brain of a patient via a first group of electrodes comprising at least one electrode from the
plurality of electrodes, a second group of bioelectrical signals in the brain of the patient via a second group of electrodes
comprising at least one electrode from the plurality of electrodes, a third group of bioelectrical signals in the brain of the
patient via a third group of electrodes comprising at least one electrode from the plurality of electrodes, and a fourth
group of bioelectrical signals in the brain of the patient via a fourth group of electrodes comprising at least one electrode
from the plurality of electrodes, means for determining a frequency domain characteristic for each of the bioelectrical
signals within each of the first, second, third, and fourth groups of bioelectrical signals, means for determining a first
relative value of the frequency domain characteristic based on the frequency domain characteristics for the first and
second groups of bioelectrical signals, a second relative value of the frequency domain characteristic based on the
frequency domain characteristics for the second and third groups of bioelectrical signals, a third relative value of the
frequency domain characteristic based on the frequency domain characteristics for the third and fourth groups of bioe-
lectrical signals, a fourth relative value of the frequency domain characteristic based on the frequency domain charac-
teristics for the first and fourth groups of bioelectrical signals, and means for selecting an electrode from at least one of
the first, second, third, or fourth groups of electrodes for delivering stimulation to a target tissue site of the patient based
on the first, second, third, and fourth relative values.
[0193] Various embodiments of this disclosure are directed computer-readable storage medium comprising instructions
that cause a programmable processor to: determine a frequency domain characteristic for each of a plurality of bioelec-
trical signals sensed in a brain of a patient with respective electrodes, determine a plurality of relative values of the
frequency domain characteristic, wherein each of the plurality of relative values is based on at least two of the frequency
domain characteristics, and select at least one of the electrodes for delivering stimulation to the patient based on the
plurality of relative values.
[0194] Various embodiments of this disclosure are directed to a computer-readable storage medium comprising in-
structions that cause a programmable processor to: determine a frequency domain characteristic each bioelectrical brain
signal of a first group of bioelectrical signals in a brain of a patient with a first group of electrodes, a second group of
bioelectrical signals in the brain of the patient with a second group of electrodes, a third group of bioelectrical signals in
the brain of the patient with a third group of electrodes, and a fourth group of bioelectrical signals in the brain of the
patient with a fourth group of electrodes, determine a first relative value of the frequency domain characteristic based
on the frequency domain characteristics for the first and second groups of bioelectrical signals, determine a second
relative value of the frequency domain characteristic based on the frequency domain characteristics for the second and
third groups of bioelectrical signals, determine a third relative value of the frequency domain characteristic based on the
frequency domain characteristics for the third and fourth groups of bioelectrical signals, determine a fourth relative value
of the frequency domain characteristic based on the frequency domain characteristics for the first and fourth groups of
bioelectrical signals, and select at least one of the first, second, third, or fourth groups of electrodes for delivering
stimulation to a target tissue site of the patient based on the first, second, third, and fourth relative values.
[0195] Various embodiments of have been described. These and other embodiments are within the scope of the
following claims.

Claims

1. A system comprising:

a plurality of electrodes (24, 26);
a sensing module (46) arranged to sense a plurality of bioelectrical brain signals via at least one electrode of
the plurality of electrodes; and
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a processor (40) configured to determine a frequency domain characteristic for each of the plurality of bioelectrical
signals, determine a plurality of relative values of the frequency domain characteristic, wherein each of the
plurality of relative values is based on at least two of the frequency domain characteristics, and to determine
whether a first relative value of the plurality of relative values is greater than or less than at least one other
relative value of the plurality of relative values; and wherein, in response to determining that the first relative
value is greater than or less than the at least one other relative value, said processor is configured to determine
whether a second relative value of the plurality of relative values is greater than or less than another relative
value of the plurality of relative values; and to select at least one of the plurality of electrodes for delivering
stimulation to the patient based on determining whether the second relative value is greater than or less than
the other relative value.

2. The system of claim 1, wherein the frequency domain characteristic comprises a power level of the respective
bioelectrical signal in a selected frequency band.

3. The system of claim 2, wherein the selected frequency band comprises at least one of a beta band or a gamma band.

4. The system of claim 1, wherein the processor determines a greatest relative value of the frequency domain char-
acteristic and selects at least one electrode from the plurality of electrodes for delivering stimulation to the patient
based on determining the greatest relative value of the frequency domain characteristic.

5. The system of any preceding claim, wherein the sensing module senses the plurality of bioelectrical signals with a
plurality of unipolar electrode combinations or with a plurality of bipolar electrode combinations.

6. The system of claim 5, when the sensing module senses the plurality of bioelectric signals with unipolar electrode
combinations, wherein the processor determines a magnitude of a difference in the frequency domain characteristics
of at least two bioelectrical signals in order to determine the plurality of relative values of the frequency domain
characteristics.

7. The system of claim 5, wherein the sensing module senses the plurality of bioelectrical signals with a plurality of
bipolar electrode combinations, wherein the frequency domain characteristic of each bioelectrical signal indicates
the relative values.

8. The system of any preceding claim, wherein the processor determines whether a target tissue site is positioned
between two electrodes of the plurality of electrodes based on the relative values prior to selecting at least one of
the electrodes for delivering stimulation to the patient.

9. The system of any preceding claim, wherein the sensing module senses the plurality of bioelectrical signals with at
least one respective electrode of the plurality of electrodes, the bioelectrical signals comprising a first set of bioe-
lectrical signals, wherein at least three electrodes of the plurality of electrodes comprise a common position along
a longitudinal axis of a lead,
wherein the sensing module senses a second set of bioelectrical signals within the brain of the patient with at least
one electrode of the at least three electrodes, and
wherein the processor determines a frequency domain characteristic for each of the bioelectrical signals of the
second set of bioelectrical signals and selects one of the electrodes of the at least three electrodes for delivering
stimulation to the patient based on the frequency domain characteristics of the bioelectrical signals of the second
set of bioelectrical signals.

10. The system according to any of claims 1-8, wherein:

the sensing module senses a first group of bioelectrical signals of the plurality of bioelectrical brain signals via
a first group of electrodes comprising at least one electrode from the plurality of electrodes, a second group of
bioelectrical signals of the plurality of bioelectrical brain signals via a second group of electrodes comprising at
least one electrode from the plurality of electrodes, a third group of bioelectrical signals of the plurality of
bioelectrical brain signals via a third group of electrodes comprising at least one electrode from the plurality of
electrodes, and a fourth group of bioelectrical signals of the plurality of bioelectrical brain signals via a fourth
group of .electrodes comprising at least one electrode from the plurality of electrodes; and
the processor determines the frequency domain characteristic for each of the bioelectrical signals within each
of the first, second, third, and fourth groups of bioelectrical signals, determines a first relative value of the



EP 2 512 334 B1

38

5

10

15

20

25

30

35

40

45

50

55

frequency domain characteristic based on the frequency domain characteristics for the first arid second groups
of bioelectrical signals, determines a second relative value of the frequency domain characteristic based on the
frequency domain characteristics for the second and third groups of bioelectrical signals, determines a third
relative value of the frequency domain characteristic based one the frequency domaine characteristics for the
third and fourth groups of bioelectrical signals, determines a fourth relative value of the frequency domain
characteristic based on the frequency domain characteristics for the first and fourth groups of bioelectrical
signals, and selects at least one electrode from at least one of the first, second, third, or fourth groups of
electrodes for delivering stimulation to a target tissue site of the patient based on the first, second, third, and
fourth relative values.

11. The system of claim 10, wherein the first group of electrodes is located at a first position along a longitudinal axis
of a lead, the second group of electrodes is located at a second position proximal to the first position along the
longitudinal axis of the lead, the third group of electrodes is located at a third position proximal to the second position
along the longitudinal axis of the lead, and the fourth group of electrodes is located at a fourth position proximal to
the third position along the longitudinal axis of the lead.

12. The system of claim 10, wherein the processor selects at least one electrode from at least one of the first, second,
third, or fourth groups of electrodes for delivering stimulation to a target stimulation site of the patient based on the
first, second, third, and fourth relative values based on determining whether at least one of the first, second, third,
or fourth groups of electrodes is closest to the target tissue site based on the first, second, third, and fourth relative
values.

13. The system of claim 10, wherein:

i) if the processor determines that the fourth relative value is greater than the first, second, and third relative
values, the processor determines whether the first relative value is greater than the second relative value and
whether the second relative value is greater than the third relative value and selects at least one electrode from
the first group of electrodes if the first relative value is greater than the second relative value and the second
relative value is greater than the third relative value, or
ii) if the processor determines that the fourth relative value is greater than the first, second, and third relative
values, and that the first relative value is not greater than the second relative value and the second relative
value is not greater than the third relative value, and that the first relative value is not less than the second
relative value and the second relative value is not less than the third relative value, the processor determines
whether the first relative value is less than the third relative value and selects at least one electrode from the
first or second group of electrodes if the first relative value is less than the third relative value; or
iii) if the processor determines that the fourth relative value is less than the first, second, and third relative values,
the processor determines whether the fourth relative value substantially equals zero and selects at least one
electrode from the first or fourth group of electrodes if the fourth relative value substantially equals zero.

Patentansprüche

1. System, das enthält:

mehrere Elektroden (24, 26);
ein Erfassungsmodul (46), das ausgelegt ist, mehrere bioelektrische Gehirnsignale über mindestens eine Elek-
trode der mehreren Elektroden zu erfassen; und
einen Prozessor (40), der konfiguriert ist, eine Frequenzbereichseigenschaft für jedes der mehreren bioelekt-
rischen Signale zu bestimmen, mehrere relative Werte der Frequenzbereichseigenschaft zu bestimmen, wobei
jeder der mehreren relativen Werte auf mindestens zwei der Frequenzbereichseigenschaften beruht, und zu
bestimmen, ob ein erster relativer Wert der mehreren relativen Werte größer oder kleiner als mindestens ein
anderer relativer Wert der mehreren relativen Werte ist; und wobei als Reaktion auf das Bestimmen, dass der
erste relative Wert größer oder kleiner als der mindestens eine andere relative Wert ist, der Prozessor konfiguriert
ist, zu bestimmen, ob ein zweiter relativer Wert der mehreren relativen Werte größer oder kleiner als ein anderer
relativer Wert der mehreren relativen Werte ist; und mindestens eine der mehreren Elektroden für ein Verab-
reichen einer Stimulation an den Patienten aufgrund des Bestimmens, ob der zweite relative Wert größer oder
kleiner als der andere relative Wert ist, auszuwählen.
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2. System nach Anspruch 1, wobei die Frequenzbereichseigenschaft einen Leistungspegel des entsprechenden bio-
elektrischen Signals in einem ausgewählten Frequenzband enthält.

3. System nach Anspruch 2, wobei das ausgewählte Frequenzband mindestens ein Betaband und/oder ein Gamma-
band enthält.

4. System nach Anspruch 1, wobei der Prozessor einen größten relativen Wert der Frequenzbereichseigenschaft
bestimmt und mindestens eine Elektrode aus den mehreren Elektroden für ein Verabreichen einer Stimulation an
den Patienten aufgrund des Bestimmens des größten relativen Werts der Frequenzbereichseigenschaft auswählt.

5. System nach einem vorhergehenden Anspruch, wobei das Erfassungsmodul die mehreren bioelektrischen Signale
mit mehreren unipolaren Elektrodenkombinationen oder mit mehreren bipolaren Elektrodenkombinationen erfasst.

6. System nach Anspruch 5, wenn das Erfassungsmodul die mehreren bioelektrischen Signale mit unipolaren Elek-
trodenkombinationen erfasst, wobei der Prozessor eine Größe eines Unterschieds in den Frequenzbereichseigen-
schaften mindestens zweier bioelektrischer Signale bestimmt, um die mehreren relativen Werte der Frequenzbe-
reichseigenschaft zu bestimmen.

7. System nach Anspruch 5, wobei das Erfassungsmodul die mehreren bioelektrischen Signale mit mehreren bipolaren
Elektrodenkombinationen erfasst, wobei die Frequenzbereichseigenschaft eines jeden bioelektrischen Signals die
relativen Werte angibt.

8. System nach einem vorhergehenden Anspruch, wobei der Prozessor anhand der relativen Werte bestimmt, ob ein
Zielgewebeort zwischen zwei Elektroden der mehreren Elektroden positioniert ist, bevor mindestens eine der Elek-
troden für ein Verabreichen einer Stimulation an den Patienten ausgewählt wird.

9. System nach einem vorhergehenden Anspruch, wobei das Erfassungsmodul die mehreren bioelektrischen Signale
mit mindestens einer jeweiligen Elektrode der mehreren Elektroden erfasst, wobei die bioelektrischen Signale eine
erste Gruppe von bioelektrischen Signalen enthalten, wobei mindestens drei Elektroden der mehreren Elektroden
eine gemeinsame Position entlang einer Längsachse einer Leitung enthalten,
wobei das Erfassungsmodul eine zweite Gruppe von bioelektrischen Signalen innerhalb des Gehirns des Patienten
mit mindestens einer Elektrode der mindestens drei Elektroden erfasst und
wobei der Prozessor eine Frequenzbereichseigenschaft für jedes der bioelektrischen Signale der zweiten Gruppe
von bioelektrischen Signalen bestimmt und eine der Elektroden der mindestens drei Elektroden für ein Verabreichen
einer Stimulation an den Patienten anhand der Frequenzbereichseigenschaften der bioelektrischen Signale der
zweiten Gruppe von bioelektrischen Signalen auswählt.

10. System nach einem der Ansprüche 1-8, wobei:

das Erfassungsmodul eine erste Gruppe von bioelektrischen Signalen der mehreren bioelektrischen Gehirnsi-
gnale über eine erste Gruppe von Elektroden, die mindestens eine Elektrode der mehreren Elektroden enthält,
eine zweite Gruppe von bioelektrischen Signalen der mehreren bioelektrischen Gehirnsignale über eine zweite
Gruppe von Elektroden, die mindestens eine Elektrode der mehreren Elektroden enthält, eine dritte Gruppe
von bioelektrischen Signalen der mehreren bioelektrischen Gehirnsignale über eine dritte Gruppe von Elektro-
den, die mindestens eine Elektrode der mehreren Elektroden enthält, und eine vierte Gruppe von bioelektrischen
Signalen der mehreren bioelektrischen Gehirnsignal über eine vierte Gruppe von Elektroden, die mindestens
eine Elektrode der mehreren Elektroden enthält, erfasst; und
der Prozessor die Frequenzbereichseigenschaft für jedes der bioelektrischen Signale innerhalb einer jeden der
ersten, der zweiten, der dritten und der vierten Gruppe der bioelektrischen Signale bestimmt, einen ersten
relativen Wert der Frequenzbereichseigenschaft anhand der Frequenzbereichseigenschaften für die erste und
zweite Gruppe von bioelektrischen Signalen bestimmt, einen zweiten relativen Wert der Frequenzbereichsei-
genschaft anhand der Frequenzbereichseigenschaften für die zweite und dritte Gruppe von bioelektrischen
Signalen bestimmt, einen dritten relativen Wert der Frequenzbereichseigenschaft anhand der Frequenzbereich-
seigenschaften für die dritte und vierte Gruppe von bioelektrischen Signalen bestimmt, einen vierten relativen
Wert der Frequenzbereichseigenschaft anhand der Frequenzbereichseigenschaften für die erste und vierte
Gruppe von bioelektrischen Signalen bestimmt und mindestens eine Elektrode von mindestens einer der ersten,
der zweiten, der dritten oder der vierten Gruppe von Elektroden für das Verabreichen einer Stimulation an einen
Zielgewebeort des Patienten anhand des ersten, des zweiten, des dritten und des vierten relativen Werts
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auswählt.

11. System nach Anspruch 10, wobei die erste Gruppe von Elektroden sich an einer ersten Position entlang einer
Längsachse einer Leitung befindet, die zweite Gruppe von Elektroden sich an einer zweiten Position in der Nähe
der ersten Position entlang der Längsachse der Leitung befindet, die dritte Gruppe von Elektroden sich an einer
dritten Position in der Nähe der zweiten Position entlang der Längsachse der Leitung befindet und die vierte Gruppe
von Elektroden sich an einer vierten Position in der Nähe der dritten Position entlang der Längsachse der Leitung
befindet.

12. System nach Anspruch 10, wobei der Prozessor mindestens eine Elektrode aus mindestens einer der ersten, der
zweiten, der dritten oder der vierten Gruppe von Elektroden für das Verabreichen einer Stimulation an einen Ziel-
stimulationsort des Patienten anhand des ersten, des zweiten, des dritten und des vierten relativen Werts aufgrund
des Bestimmens anhand des ersten, des zweiten, des dritten und des vierten relativen Werts, ob mindestens eine
der ersten, der zweiten, der dritten oder der vierten Gruppe von Elektroden am nächsten an dem Zielgewebeort
liegt, auswählt.

13. System nach Anspruch 10, wobei:

i) dann, wenn der Prozessor bestimmt, dass der vierte relative Wert größer als der erste, der zweite und der
dritte relative Wert ist, der Prozessor bestimmt, ob der erste relative Wert größer als der zweite relative Wert
ist und ob der zweite relative Wert größer als der dritte relative Wert ist, und mindestens eine Elektrode aus
der ersten Gruppe von Elektroden auswählt, wenn der erste relative Wert größer als der zweite relative Wert
ist und der zweite relative Wert größer als der dritte relative Wert ist, oder
ii) dann, wenn der Prozessor bestimmt, dass der vierte relative Wert größer als der erste, der zweite und der
dritte relative Wert ist, und dass der erste relative Wert nicht größer als der zweite relative Wert ist und der
zweite relative Wert nicht größer als der dritte relative Wert ist und dass der erste relative Wert nicht kleiner als
der zweite relative Wert ist und der zweite relative Wert nicht kleiner als der dritte relative Wert ist, der Prozessor
bestimmt, ob der erste relative Wert kleiner als der dritte relative Wert ist, und mindestens eine Elektrode aus
der ersten oder der zweiten Gruppe von Elektroden auswählt, wenn der erste relative Wert kleiner als der dritte
relative Wert ist; oder
iii) dann, wenn der Prozessor bestimmt, dass der vierte relative Wert kleiner als der erste, der zweite, und der
dritte relative Wert ist, der Prozessor bestimmt, ob der vierte relative Wert im Wesentlichen gleich Null ist, und
mindestens eine Elektrode aus der ersten oder vierten Gruppe von Elektroden auswählt, wenn der vierte relative
Wert im Wesentlichen gleich Null ist.

Revendications

1. Système comportant :

une pluralité d’électrodes (24, 26) ;
un module de détection (46) conçu pour détecter une pluralité de signaux cérébraux bioélectriques via au moins
une électrode de la pluralité d’électrodes ; et
un processeur (40) configuré pour déterminer une caractéristique dans le domaine fréquentiel pour chaque
signal de la pluralité de signaux bioélectriques, déterminer une pluralité de valeurs relatives de la caractéristique
dans le domaine fréquentiel, dans lequel chaque valeur de la pluralité de valeurs relatives est basée sur au
moins deux des caractéristiques dans le domaine fréquentiel, et pour déterminer si une première valeur relative
de la pluralité de valeurs relatives est supérieure ou inférieure à au moins une autre valeur relative de la pluralité
de valeurs relatives ; et dans lequel, en réponse à la détermination que la première valeur relative est supérieure
ou inférieure à la au moins une autre valeur relative, ledit processeur est configuré pour déterminer si une
seconde valeur relative de la pluralité de valeurs relatives est supérieure ou inférieure à une autre valeur relative
de la pluralité de valeurs relatives, et pour sélectionner au moins une électrode parmi la pluralité d’électrodes
pour délivrer une stimulation au patient sur la base de la détermination de si la seconde valeur relative est
supérieure ou inférieure à l’autre valeur relative.

2. Système selon la revendication 1, dans lequel la caractéristique dans le domaine fréquentiel comporte un niveau
de puissance du signal bioélectrique respectif dans une bande de fréquences sélectionnée.



EP 2 512 334 B1

41

5

10

15

20

25

30

35

40

45

50

55

3. Système selon la revendication 2, dans lequel la bande de fréquences sélectionnée comporte au moins une bande
parmi une bande bêta et une bande gamma.

4. Système selon la revendication 1, dans lequel le processeur détermine la plus grande valeur relative de la carac-
téristique dans le domaine fréquentiel et sélectionne au moins une électrode parmi la pluralité d’électrodes pour
délivrer une stimulation au patient sur la base de la détermination de la plus grande valeur relative de la caractéristique
dans le domaine fréquentiel.

5. Système selon l’une quelconque des revendications précédentes, dans lequel le module de détection détecte la
pluralité de signaux bioélectriques avec une pluralité de combinaisons d’électrodes unipolaires ou avec une pluralité
de combinaisons d’électrodes bipolaires.

6. Système selon la revendication 5, dans lequel le module détection détecte la pluralité de signaux bioélectriques
avec des combinaisons d’électrodes unipolaires, dans lequel le processeur détermine une grandeur d’une différence
des caractéristiques dans le domaine fréquentiel d’au moins deux signaux bioélectriques afin de déterminer la
pluralité de valeurs relatives de la caractéristique dans le domaine fréquentiel.

7. Système selon la revendication 5, dans lequel le module de détection détecte la pluralité de signaux bioélectriques
avec une pluralité de combinaisons d’électrodes bipolaires, dans lequel la caractéristique dans le domaine fréquentiel
de chaque signal bioélectrique indique les valeurs relatives.

8. Système selon l’une quelconque des revendications précédentes, dans lequel le processeur détermine si un site
tissulaire cible est positionné entre deux électrodes de la pluralité d’électrodes sur la base des valeurs relatives
avant de sélectionner au moins l’une des électrodes pour délivrer une stimulation au patient.

9. Système selon l’une quelconque des revendications précédentes, dans lequel le module de détection détecte la
pluralité de signaux bioélectriques avec au moins une électrode respective de la pluralité d’électrodes, les signaux
bioélectriques comportant un premier ensemble de signaux bioélectriques, dans lequel au moins trois électrodes
de la pluralité d’électrodes comportent une position commune le long d’un axe longitudinal d’un fil,
dans lequel le module de détection détecte un second ensemble de signaux bioélectriques à l’intérieur du cerveau
du patient avec au moins une électrode parmi les au moins trois électrodes, et
dans lequel le processeur détermine une caractéristique dans le domaine fréquentiel pour chacun des signaux
bioélectriques du second ensemble de signaux bioélectriques et sélectionne l’une des électrodes parmi les au moins
trois électrodes pour délivrer une stimulation au patient sur la base des caractéristiques dans le domaine fréquentiel
des signaux bioélectriques du second ensemble de signaux bioélectriques.

10. Système selon l’une quelconque des revendications 1 à 8, dans lequel :

le module de détection détecte un premier groupe de signaux bioélectriques de la pluralité de signaux cérébraux
bioélectriques via un premier groupe d’électrodes comportant au moins une électrode de la pluralité d’électrodes,
un deuxième groupe de signaux bioélectriques de la pluralité de signaux cérébraux bioélectriques via un deuxiè-
me groupe d’électrodes comportant au moins une électrode de la pluralité d’électrodes, un troisième groupe
de signaux bioélectriques de la pluralité de signaux cérébraux bioélectriques via un troisième groupe d’électrodes
comportant au moins une électrode de la pluralité d’électrodes, et un quatrième groupe de signaux bioélectriques
de la pluralité de signaux cérébraux bioélectriques via un quatrième groupe d’électrodes comportant au moins
une électrode de la pluralité d’électrodes ; et
le processeur détermine la caractéristique dans le domaine fréquentiel pour chacun des signaux bioélectriques
à l’intérieur de chacun des premier, deuxième, troisième et quatrième groupes de signaux bioélectriques, dé-
termine une première valeur relative de la caractéristique dans le domaine fréquentiel sur la base des carac-
téristiques dans le domaine fréquentiel des premier et deuxième groupes de signaux bioélectriques, détermine
une deuxième valeur relative de la caractéristique dans le domaine fréquentiel sur la base des caractéristiques
dans le domaine fréquentiel des deuxième et troisième groupes de signaux bioélectriques, détermine une
troisième valeur relative de la caractéristique dans le domaine fréquentiel sur la base des caractéristiques dans
le domaine fréquentiel des troisième et quatrième groupes de signaux bioélectriques, détermine une quatrième
valeur relative de la caractéristique dans le domaine fréquentiel sur la base des caractéristiques dans le domaine
fréquentiel des premier et quatrième groupes de signaux bioélectriques, et sélectionne au moins une électrode
parmi au moins un des premier, deuxième, troisième et quatrième groupes d’électrodes pour délivrer une
stimulation à un site tissulaire cible du patient sur la base des première, deuxième, troisième et quatrième
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valeurs relatives.

11. Système selon la revendication 10, dans lequel le premier groupe d’électrodes est situé sur une première position
le long d’un axe longitudinal d’un fil, le deuxième groupe d’électrodes est situé sur une deuxième position proximale
à la première position le long de l’axe longitudinal du fil, le troisième groupe d’électrodes est situé sur une troisième
position proximale à la deuxième position le long de l’axe longitudinal du fil, et le quatrième groupe d’électrodes est
situé sur une quatrième position proximale à la troisième position le long de l’axe longitudinal du fil.

12. Système selon la revendication 10, dans lequel le processeur sélectionne au moins une électrode parmi au moins
l’un des premier, deuxième, troisième et quatrième groupes d’électrodes pour délivrer une stimulation à un site de
stimulation cible du patient sur la base des première, deuxième, troisième et quatrième valeurs relatives sur la base
de la détermination de si au moins l’un des premier, deuxième, troisième ou quatrième groupes d’électrodes est le
plus proche du site tissulaire cible sur la base des première, deuxième, troisième et quatrième valeurs relatives.

13. Système selon la revendication 10, dans lequel :

i) si le processeur détermine que la quatrième valeur relative est supérieure aux première, deuxième et troisième
valeurs relatives, ledit processeur détermine si la première valeur relative est supérieure à la deuxième valeur
relative et si la deuxième valeur relative est supérieure à la troisième valeur relative et sélectionne au moins
une électrode parmi le premier groupe d’électrodes si la première valeur relative est supérieure à la deuxième
valeur relative et la deuxième valeur relative est supérieure à la troisième valeur relative, ou
ii) si le processeur détermine que la quatrième valeur relative est supérieure aux première, deuxième et troisième
valeurs relatives, et que la première valeur relative n’est pas supérieure à la deuxième valeur relative et la
deuxième valeur relative n’est pas supérieure à la troisième valeur relative, et que la première valeur relative
n’est pas inférieure à la deuxième valeur relative et la deuxième valeur relative n’est pas inférieure à la troisième
valeur relative, le processeur détermine si la première valeur relative est inférieure à la troisième valeur relative
et sélectionne au moins une électrode parmi le premier ou deuxième groupe d’électrodes si la première valeur
relative est inférieure à la troisième valeur relative ; ou
iii) si le processeur détermine que la quatrième valeur relative est inférieure aux première, deuxième et troisième
valeurs relatives, le processeur détermine si la quatrième valeur relative est sensiblement égale à zéro et
sélectionne au moins une électrode parmi les premier ou quatrième groupe d’électrodes si la quatrième valeur
relative est sensiblement égale à zéro.
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